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IN THE UNITED STATES PATENT AND TRADER OFFXCE 
APPLICATION FOR PATENT 

Title: FLASH EEprom SYSTEM 

tenters: Eliyahou ^ ^ ^ 

iyi>> Sanjay Mehrotra 

Mcjaaaun-d of th» T r ., nt1ni1 

This invention relate* 
semiconductor electrically er asabIe ^ t0 

only memories ( EEprom,, a / d ™ a ^™' ™ 
integrated circuit Flas h EEp l ^ t0 3 ***** °< 

« — S fo r;r;r ~ f « - ~ < isk 

a- disadvantageous Jttat Cu^'^ 
requirement for high precision » their 
Consequently they are ! 9 ■• chan *«l Parts. 

— iuty^n;: ;r and are p — - 

15 of power. solid state n " 9 Sig " ifica « 

ORAM'S and SRAM ,. * Statenem ^ devices such as 

disadvantages. However th.v" th6Se 
and require constant p^J^r . BO " 
^Util., . consequently th ev ^ "" 0ry 

20 temporary storage. y '"^"y "sed as 

s^e jzzi™ M F :;Lvrr; are ais ° — 

and retain their memory even ' ' h * y 3re Volatile, 

However, conventional Flash EE ^ * hW d ° W "- 
« lifetime in terM ""J EE P ro *'* have a l inited 

Program) /erase cycles thev """^ ° f Write «>' 
^ces are ren'de^ ^ ^ - Typ, lly the 

write/erase cycles Trad,--- i0 " t0 103 

0 — * -ppiLtion, rr/ 1 '' they are typicai »- 
■ -t. or Prograa is requi ; e 7 b r - t p : r r; enc s — - 

reprogramming. a need for 
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Accordingly, it is an object of i-h„ „ 

enhanced performance and which remains reliable aft^r 
s endunng a large number of write/erase cycle" 

to provide'" r° ther ,° bjeCt ° f ^ PreS6nt inve ^ion 

serve as n * S ^ ^=h can 

serve as non-volatile n.en.ory in a coroputer syst ^ 

to Providian Z^^^T 
» "place raag net ic dis k J^^J^Z T 

systems. lces ln computer 

to provi^i^r" ° bjeCt ° f PreS6nt inVenti °" 
operation ^ With 

to provi^V mT» ^ Pr6SSnt ln ™«°n 

correction ^ With < error 

invention^ p tv^\^h er EE ° bjeCt °' ^ — 
" aeration tha't -ili,^^^ ^ 
device. S ^ the Flas h EEpron, 

It is s tin another object of fh. 
invention to provide a Fl a «=h r. Present 
write operation. ^ SySten With 

25 Summary of t ne Tnvm „ t ^ 

These an d Bdditional objects ar* ,„ 
by improvements in the arch > ^conpl.shed 
ESpron chips and L arChltectu " of a syste, of 

Lco rdln ! ClrCUitS ^ serein. 
According to one aspect of -v, e nr 

i0 lnve "txon, an array of riash EEoror cells Z * 

oroani 2 ed into sectors such that a 11 s i? 

SP-fnr , _.. . . CeUS within ^S^h 



sector are era^m- . x ^ w ithm each 

are erasable at once. a n ash rr 

system comprises EE?ror - ne-orv 

comprises cne or more Flash rr->r C - „. . 

of . Th# ^riiLr::: 
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combination of sectors among the chips to be selected 
and then erased simultaneously. This is faster and more 
efficient than prior art schemes where all the sectors 
must be erased every time or only one sector at a time 
5 can be erased. The invention further allows any 
combination of sectors selected for erase to be 
deselected and prevented from further erasing during the 
erase operation. This feature is important for stopping 
those sectors that are first to be erased correctly to 
10 the -erased- state from over erasing, thereby preventing 
unnecessary stress to the Flash EEprom device. The 
invention also allows a global de-select of all sectors 
in the system so that no sectors are selected for erase. 
This global reset can quickly put the system back to its 
initial state ready for selecting the next combination 
of sectors for erase. Another feature of the invention 
is that the selection is independent of the chip select 
signal which enables a particular chip for read or write 
operation. Therefore it is possible to perform an erase 
operation on some of the Flash EEprom chips while read 
and write operations may be performed on other chips not 
involved in the erase operation. 

According to another aspect of the invention 
improved error correction circuits and techniques are 
used to correct for errors arising from defective Flash 
EEprom memory cells. One feature of the invention 
allows defect mapping at cell level in which a defective 
cell is replaced by a substitute cell from the same 
sector. The defect pointer which connects the address 
of the defective cell to that of the substitute cell is 
stored m a defect map. Every tine the defective cell 
is accessed, its bad data is replaced by the good data 
rron the substitute cell. 

Another feature of the invention allows defect 
capping at the sector level. when the number of 
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number, the sector containing the defective ceils is 
replaced by a substitute sector. 

5 ^ imP ° rtant feature of th. invention allows 

so I " Ce ^ S ° r defSCtiVe SeCt0 " ^ b. "napped a 
soon as they are detected thereby enabling erro 
corrects codes to adeguately rectify the relative , 
few errors that may crop up in the S y SteR1 ' 

10 invention" 000 '^ 09 '° ^ Mp,Ct ° f th * 

oHrL^ t IT" " Che " t0 ninimi2e the 

Flash E p FlaSh EEPr0ni men0r >'- In *hi. way the 

Flash EEprom memory will be subject to fewer stress 

: rv rite/erase cycies ' — —1 

agxng. The most active ^ 9 its 

wi? t r ory instead ° f the Fia - — " e x on ; 

1 a:;t V ^ l6VelS redU " d *> * P"determ n d 

to the Flash EE " — y 

invention Ys the Tcr:r 0ry - ^ ° f «» 

« of the fastlrTacnrry 1 " ^ * ^ 

invention: 0 :;: 1 :?;:;: another — •< - — t 

' °ne or more printed circuit carrf c a 
Provxded which contain controller and E t pron C1 
ciup. for use in a computer system 
25 non-volatile storage, in place of a hard Z ; ' 
and which incorporate various of the othe 
-is invention alone and in combing °' 

pr..«t it i ! i r 1 t ° b3 ' Ct "' fe3tUreS ' and — gesof 
present invention will be underst-r^n * 

the accompanying drawings. Unction . Ith 
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m*t Description of th- h^..,.^- 

, . Fi9 ' 1A is a general micrprocessor systen 

including the Fla«;h rr„,„. system 

invention; — SyStem ° f the P" s "t 

5 Fig. IB is schematic block diagram illustrating 

a system including a number of Flash EEoron 1. \ 
and a controller chip; P Chlps 

of Flash EEL' SCheBatic i"«t«tio„ of a system 

» t^rerr;; — which — — 

Fig. 3A is a block circuit diagram li**-**-. - 
Wror implementing selective mult^^T 
erase according to the preferred embodiment ' 

» -ed to slieVa 3 T" detailS °' 3 "? ist ~ 
select a sector for erase as ^ ^ 

Fig. 4 is a flow diagram illustratino t-h- 
seguence of selective multiple sector erase 

Partition^ ^LTT^ '^"9 the 

9 ot a Flash EEprom sector in<-o * 
2° and a spare redundant area; 

tne data pith 'c^^T" illu -rat i ng 
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Description of thP p^-~ red EBhnrt i. M „ 
EEorom fiy g »^ 

A computer system in which the various aspects 
of the present invention are incorporated is illustrated 
generally in Figure ia. A typical computer system 
architecture includes a microprocessor 21 connected to 
a system bus 23, along with random access, main syster 
memory 25, and at least one or more input-output devices 
27, such as a keyboard, monitor, modem, and the like 
Another main computer system component that is connected 
to a typical computer system bus 23 is a large amount of 

llZT™' n ° n - VOlatile Typically, such a 

memory ls . disk drive witn a cap ^ 

megabytes of data storage. This data is retrieved into 
the system volatile memory 25 for use in current 
ITtTrlT 9 ' eaSUy SUPPlemented ' change or 

One aspect of the present invention is the 

s S v U st S em ltU f ti0n ^ 3 SPeCi " C ° f memory 

system for the disk drive but without having to 
sacr lf non . volatiUty( ease of eras . ng 

re abT> """""^ ^ ° f aC " SS < ^ «.t and 

relxab.nty. This is accomplished by . Bploying an a 

tE^'^ 6raSable -d only memorie 

("Prom s) integrated circuit chips. This type of 
memory has additional advantages of retiring less power 

" b6ing U9hter ^ W6ight «»" ^ ^ard 
disk drive magnetic media ne »ory, thereby beinq 

ZlZls. ~ ited for — ™ ™ 

Tl>. bulk s tora, c „, nory 2 , is „ s 



; US ->i system 
.3, and an array 33 of EEprom integrated c-cuit 
chip.. Data and instructions are communicated ^1 the 
controller 3! to the EEpr0 m array 33 pri Mrlly oXr . 
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35 



. sr.-::: r.~r~— ~™ 

Referring to Figure IB, the controller 31 f « 

i0 connectPrt w ei± as being 

interrup 6 : rea^ V^" 1 ^ WhiCh 

» • — tive chip sele p ct an ' d 4 i: ; e r^Tr* 

from interface circuits 40 . The int^ . " 
•!•<» «t to interface between the . T" ^ " 

37 and a circuit 55 een th * Serial d «a lines 35, 

being written into " l0Cati ° n and *«a 

! ° 47, Itc ° r read thS EEpr ° m C "P- ^ 45 

o f the meaory ^"r™- bus 59 to 

The bulk storage memory 29 of r,„ 
«" be implemented on a si nol 9 1A and 18 

5 -derate memory mL ™ T ^ P " ntad card for 

— 3 9 and',/;, a 1 ^ " ^ Si ' S ^ 
connecting pins of sucn 1B are twninatad in 

of the computer 1 connection with the 

connected te the c ard anl^ts^cT 3 

— power supply ^ ~ ^ /~ -iou. 
for large amounts of menorv 

conveniently provided by a sine," ' Which is 

-»«»«9h. in such a case ad i 9 '"^ 33 M >' "« b« 
connected to the .."'"^ ltl0nal EEp ^ — can te 

P 31, as xndxeated in Fi gure 1B . ^ 
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preferably all done on a single printed circuit card but 
if space is not sufficient to do this, then one or more 
EEprom arrays may be implemented on a second printed 
circuit card that is physically mounted onto the first 
and connected to a common controller chip 31. 

Erase of Mom prv Structures 

In system designs that store data in files or 
blocks the data will need to be periodically updated 
with revised or new information. it may also be 
desirable to' overwrite some no longer needed 
information, in order to accommodate additional 
information. In a Flash EEprom memory, the memory cells 
must first be erased before information is placed in 
them. That is, a write (or program) operation is always 
preceded by an erase operation. 

In conventional Flash erase memory devices, the 
erase operation is done in one of several ways. ' For 
example, in some devices such as the Intel corporation's 
model 27F-256 CMOS Flash EEprom, the entire chip is 
erased at one time. if not all the inf onnation in the 
chip is to be erased, the information must first be 
temporarily saved, and is usually written into another 
memory (typically kAM) . The information is then 
restored into the nonvolatile Flash erase memory by 
programming back into the device. This is very slow and 
requires extra memory as holding space. 

In other devices such as Seeq Technology 
incorporated'* model 48512 Flash EEpror. chip, the menory 
is divided into blocks (or sectors) that are each 
separately erasable, but only one at a tir.e. Bv 
selecting the desired sector and going throuch t* e e-ase 
sequence the designated area is erased. While, the need 
for temporary aemory is reduced, erase in various a-eas 
of the memory still requires a tine consuming secue-.tial 
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In the present invention, the Flash EEpron 
—ory x. divided into sectors where all cells within 
each sector are erasable together. Each sector can be 
addressed separately and selected for erase 



One 



important feature is the abilitv t0 select 
combination of sectors for erase together. This will 
allow for a much faster system erase than by doing each 
one independently as in prior art. 

mll ,. , Fi9Ure 2 illu *trates schematically selected 
multiple sectors for erase i n « u ^ 
. Ior erase - A "ash EEpron system 

includes one or more Flash EEprom chips such as 201 , 
203 205 They are in communication with a controller 

15 itseT 209, TypiC311 ^ the controller 31 is 

itself m communication with a microprocessor system 
(not shown,. The re en,ory in each Flash EEprom chip is 
partitioned into sectors where all memory cells ^hin 
a se C t or are erasable together. For example, each 
sect or may have 512 byte (i.e. 5 12x 8 cells, available" 
the user, and a chip may have io 2 < sectors. Each sector 

a" addrSSSable ' aM " — ed su 

sectors 211, 213, 215, 217 in a Bultiple sec 

erase. As illustrated in figure 2, the selected T 
-y b. confined to one EEprom chip r ttst Ibte" 
among several chips in . system . The sector f ^ ^ 

r^:; 1 ^? be erased to — • ™- -™ 

AI all °* the memory and svsten «f 
architectures. Prior art 

Figure 3A illustrates a block diagram circu- 
20 on a Flash EEprom chip (such as the c , ip 20 ^ 

wit r hich one ° r — — . »; 

213 are selected (or deselected) — ' 
Essentially, each sector such as 2U 

ta " ed by s — - — of an era;;;;:,;: 1 ;:;^:; 
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•»«* as 22i( 223 associated with the respective sectors 
The selection and subsequent erase operations are 
performed under the control of the controller 3! (see 
figure 2) . Tne circuit 22Q . s . n comjIlunicat . on w 

5 controller 31 through lines 209. command information 
from the controller is captured in the circuit 220 by a 
command register 225 through a serial interface 227 it 
is then decoded by a command decoder 229 which outputs 
various control signals. Similarly, address information 
10 x. captured by an address register 231 and is decoded by 
an address decoder 233. 

For example, in order to select the sector 211 
erase, the controller sends the address of the 
sector 2H to the circuit 220. The address is decoded 
» « line 235 and is used in combination with a set erase 
enable signal in bus 237 to set an output 239 of he 
register 221 to HIG „. Thi s enables the sector 211i a 
su s t a operation- simnariy( ^ „ 

"3 is also desired to be erased ^ c 
20 register 223 may be set HIGH. —ted 

such as ITV,* Sh ° WS StrUCtUrS ° f the "*i-t.r 

regLe r22 '• " ^ d6tail - ThS erase 
register 221 ls a SET/RESET latch, its set input 2 4l is 

25 IT«T fr ° m 6raSe 6nable in bus 2 

» 9 ted by tne address decode in line 235. si^^ 

reset mput 243 is obtained from the clear erase enabT 
"jn. 1 in bus 237 gated by the address d ~ 
5 in this way, when tne erase enabie 

3° tors ea ; h ; r s aSe r ble — is to an t I 

- is effective ^ - - — - t 



After all sectors intended for e-ase ^, vo ■ 
as uell as all other chips in th* 3yster. 



35 command in i- ne 251 ' ' ■ IV J/S,:eK: 3 globai eras e 

" 51 al ° n9 Wlt - =he high voltage for 
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20 



25 



•ra.ing in l ine 209 . The device will then erase all the 
sect that have been selected ^ sectQrs • 

and 213, at one time. In addition to erasing the 
desired sectors within a chip, the architecture of the 
Present system permits section of sectors across 
various chips for simultaneous erase. 

used in co FigUreS . 4(1, " 4(11> niuSt ^ algorithm 
used m conjunction with the circuit 220 of f igure 3A 

nto th" 4(l) ' COntr ° Uer WiU Shi " th « 

into the circuit 220 which is decoded in the line to the 
erase enable register ^ ^ 

to be erased, m fig Ure 4(2), the controller shifts in 
a command that is decoded to a set erase en.M 
which i= „,, .a erase enable command 

which rs used to Ltd, the address decode , lg „,l onto 

"t.r .11 s .ctors intended for erase have „..„ ' !d 

r „ „., patent a PP1 ica e t"L; pp :::i:r:; 

4U, ' A/5 / riled June 8 iqqq w.. rs . 

one entitled "MultT I , * E1 ^ ah ™ Harari and 

titled Multi-State EEprom Read and Write cirr.H- 
and Techniques," filed nn «.„ Circuits 

^ «, rued on the sair.e dav as t-ho 
application, by Sanjay Mehrotra and - p ■« th « P*— « 

*" diS — of the t ,o applied 
incorporate by reference. The Flash ^SZ" 
-ased by applying a pulse Qf ^ — - -re 

by a read to verify if -h* i, ' allowed 

"erased" state . ^ ""^ ^ ^ 

no., further pulsing and verifying 
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are repeated until the cells are verified to be erased 
subject to over-erasure which tends to age the EEDron 

As the group of selected sectors is ooina 
through the erase cvcle „ 9 

"erase- st-^ . " WU1 reach the 

feature of the" ^ 
eature of the present invention is the ability to 

ZIZ S6Ct0rS that bee " t- be 

erased fro, the group of selected sectors, therebv 
preventing them from over-erasing. * 

Returning to figure 4(4) a ff«r =n 
intended for erase h.v.\, sectors 
initi.*. " ta " ed ' the stroller 

ectors. m flgure A(5)> ^ controller * 
9lobal command called Enable Erase i„ to " 

EEprom chip that is to * » V FlaSh 

* <, w Perform an erase. Thi<= < «. 

specified dut.tion. The controller will 1„„ 

; oi,4 '« « «• « .« «. «... ~ 

flour. 4(6), the controller will then 

on tne sector, select « "t T" 

^ustratea in figures 4r5)-4f7> 
figures 4(8) and 3/91 repeated. i n 

verified to be eras^ sectors are 

•e^nce. ..,.„£ Z 7^" "T< " «" 

* ^n, the controller .Odr^ . » ,7^ 
sectors and clear tho ae verified 

°ac* to a Low " th a - ? t,d ^ ^ s 

LOW u lth a clear enable comsar.d - w us --- 

«>• sequences illustrated in figures 4 f5 , f, " " " 

33 ™.r 1 a : 1 the sectors - the — - ™ 

oe erased m figure -wn, it- 

* Mil). At the completion of the 



20 



25 



30 



SAN000712 



NOP co ' ' C ° ntr0ll6r ^ • No Operation 

be w thir ^ 9l0bal Enable E " se c ™ wi" 

be withdrawn as a protection against a false erasure 

5 --j K . abiUty to select w «i=h sectors to erase 

s^ t0 ' " - ones to stop 

have erased before the slower erased sectors to 
-oved fro, the erase seg uence so no further sir s 
the device will occur. This u m ■ 

15 power, a y con sume much 

0 pick the A ;.° c t7 5 T""" 1 "" " »«- «MUt y to 

configuration of th » "exibility in erase 

adaptation of the erase ne^r: inVSnti0n the 
tne syste*. Th ' s can be d ^ ^ ^ POWW ^ility of 

^ - erased djf^n ^ - W ~ 

between different s ystems It al 9 ' b " 1 " 

controller to adaptively chanae th ^ 

-ing done by non Coring' ~[ 

such as a laptop computer " * SySteR ' 

11 erase enable latches and ar 

•«« cycles cerar * rl ; "^/r::.^ tur -- s " 
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By doing thi, ln a global way to all the chips, i ess 

time win be taken to reset al' th. 

registers. the G " Se enable 

5 the .m , -T additi ° nal P^fonnance capability is to have 
the abil lty to do erase operations without regard to 
y select, once an erase is started in so, t 
» -V chips, the controller in the syste. can 

the™ r 7 CMPS d ° Write ^-ations on 

10 se le * ; i0n ' ^ deViCe(S) d ° in ^ the •»«• can be 

loiiowing the erase. 

Deferi- M Prr ^n-, 

«lsin g fro. the .anufacturin, p „ c J, f ' S " al dete <^ 
Me tactorv in o M „, P"ces« are corrected at 

' ^.ii:::r;i r.cfr;r~ s . s ™ 

manufacturers h, vo h • . overcome this problem 

with these defect ° f ^""ng 

- PP ing s ^ Pr ! S n ent ' ^ >eing defect 

» is *ivLd into c 'ind 3 n0rnal diSK SyStSn the 
into cylinders and sectors 

" Partition., i„„ th . varioys Jt.„ *,. * 
containing t„e defects a™ identities I'd a " 

»e»=ral „ay s . A » " T " ls 15 »»■>. in 

P~r Portion „ f tl ' b " ™™ " ' 

i«.rf.ci„, controller. m aM i-io- ne T, "" 
« >» * fecial 10 and ; -, g 

«• — ct is aaa _. a , tB . aata ttK 
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5 - i- a ° f —V capacity 

sectors are located. the Amative 

invention 0 "; or the present 

^vice with a system in C ° nVentional ^isk storage 

"t ^ to emulate a c!n SyStem is P^erably 

~ as a .:r id . a sti:: v ::i:: nai ^ - - - 

-ory d ev ic a e ;, diS lo : •«<* sol id - state 

15 Efficient han d l ing of "e,:::; 1 '"" 10 " 5 """-"at. 
mature 0 f the invention im portant 

to conserve as l ch ^ Wor -lection 

«-nti.ii y , u caus for ; he h d : e f ;°: y as »>"«»i.. 

remapped cell by cell rath. A dSfeCtlVe cel1 * to be 
0 whole sector (512 bytes T * thr ° Win9 awav «« 

o«urs in it . ' ^* ^nev er a defect 

»«h EEproin mediu^ . " ""^ly -uit. d to the 
"t errors rather tZZT, ^ ^ >• 

- ^ in tra dit a i:; a T ^i™ 3 *-- defects 

-eritrirsh" Pri ° r a " ^ 

- u«a. or n o ;:: v r s r p :: r d rr* f — — 

"•"Iting fro, P h ysical defe c s th at ' * rro " 

normal operation. Error „ * appear later during 

usino .rror ^^TcT ^ Min * « 
nature of th ^ " 

Predicates a higher rate of ce Tl J!"* 
-cre asing progra , /firase ~ g fai ^- s -^u y , ith 
-ccu B ul. t . witn use eve ; t 9 uall The hard that 

- -der the d . vic . unu sa ^ ~* ECC 
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ot the present invention is the ability for the systen, 
to correct for hard errors whenever they occur 

11 112 cells are detected by their failure to 

or erase correctly. Also during read operat 
5 defective c . u . are Qetected flnd by ^ ^ ^ 

soon as a defective cell is identified, the controller 
U1 aPPly defect «PPi"9 to replace the defective cell 
with a space cell located usually within the same 
sector. This dynamic correction Qf hard 

" n ° — entional error correction sche.es, 
significantly prolongs the life of the device 

ada nt< An ° ther featU " ° f P " Sent inv «ntion is an 
adaptive approach to error correction. Error correction 
code CECC, is empl0 y ed at an t . ffles to J*™ 

errors as well as any hard errors that may arise As 
to replace the defective cell with a spare cell in fho 

b r- oniy when the — - 

for that eXC6edS d6feCt mappin *' s opacity 

for that specific sector win the whole sector Z 

replaced as in a conventional disk system Th - S sch 

-i^ed wastage without compromising relialmty ^ 

for the ce'lfreL 5 the ^ -rchit.ciur. 

or the cell remapping scheme. As described before thp 

me spare portion 405 is furth 0 >- 
-° n SLC - a s headers and ECC. 
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Whenever a defective cell is detected in the 
sector, a good cell in the alternative defects data area 
407 is assigned to backup the data designated for the 
defective cell. Thus even if the defective cell stores 
the data incorrectly, an error-free copy is stored in 
the backup cell. The addresses of the defective cell 
and the backup cell are stored as defect pointers in the 
defect map 409. 

It is to be understood that the partitioning 
between the user data portion 403 and the spare portion 
405 need not be rigid. The relative size of the various 
partitioned areas may be logically reassigned. Also the 
grouping of the various areas is largely for the purpose 
of discussion and not necessarily physically so. For 
example, the alternative defects data area 407 has been 
schematically grouped under the spare portion 405 to 
express the point that the space it occupies is no 
longer available to the user. 

In a read operation, the controller first reads 
the header, the defect map and the. alternative defects 
data, it then reads the actual data, it keeps track of 
defective cells and the location of the substitute data 
by means of the defect map. whenever a defective cell 
is encountered, the controller substitutes its bad data 
with the good data from the alternative defects 

in the F l 9Ure 6 illUStrateS the data path control 

« the preferred embodiment, a memory device 33 which 
«y xnclud. a plurality of Plash EE prom chips is u " 

he ontrol of the controller 31. The controller 31 is 
itself part of a microcomputer system under the control 

reading of . sector, the microprocessor loads a ne.ory 
add ress generator 503 in the controller with a 
address for . tarting ^ M ^> 

information is loaded through a microprocessor inte- ace 
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port 505. Then the microprocessor loads a DMA 
controller 507 with the starting location in buffer 
memory or bus address that the data read should be sent. 
Then the microprocessor loads the header information 
(Head, Cylinder and sector) into a holding register file 
509. Finally, the microprocessor loads a command 
sequencer 511 with a read command before passing control 
to the controller 31. 

After assuming control, the controller 31 first 
addresses the header of the sector and verifies that the 
memory is accessed at the address that the user had 
specified. This is achieved by the following sequence 
The controller selects a memory chip (chip select) among 
the memory device 33 and shifts the address for the 
header area from the address generator 503 out to the 
selected memory chip in the memory device 33. The 
controller then switches the multiplexer 513 and shifts 
also the read command out to the memory device 33 Then 
the memory device reads the address sent it and begins 
sending serial data from the addressed sector back to 
the controller. a receiver 5!5 in the controller 
recexves this data and puts it in parallel format, m 
one embodiment, once a byte (8 bits) is compiled, the 
controller compares the received data against the header 
data previously stored by the microprocessor in the 
holdxng register file 509. if the compare is correct 
the proper location is verified and the sequence 
continues. 

Next the controller 31 reads the defect 
pointers and loads these bad address locations into the 
holding register filo 509. This i, , ollowcd bv ^ 
controller reading the alternative defects da-a'- a . 
were written to replace the bad bits as the- 
written. The alt ernative bits are stored '«„ ^ 
alternative defects data file 517 that win be acc'esse^' 



SAN000718 



10 



15 



20 



25 



30 



35 



19 

as the data bits are read. 

Once the Header has been determined to be a 
natch and the defect pointers and alternative bits have 
been loaded, the controller begins to shift out the 
address of the lowest address of the desired sector to 
be read. The data from the sector in the memory device 
33 is then shifted into the controller chip 31. The 
receiver 515 converts the data to a parallel format and 
transfers each byte into a temporary holding FIFO 519 to 
be shipped out of the controller. 

A pipeline architecture is employed to provide 
efficient throughput as the data is gated through the 
controller from the receiver 515 to the fifo 519 As 
each data bit is received from memory the controller is 

thTada" 9 ^ addreSS ° f b6ing S6nt < St °«* i" 

1*1 ^ ! T erat ° r * 07 > a * ai ^ the defect pointer 
»-P (stored in the register file 509). „ the address 

memo^ ^""or 521, the bad bit from the 

memory recexved by the receiver 515 is replaced by the 

rl ^ thatl ° M ^ ^ — bit is obtlin 
from the alternative defects data file 517. This is 
done by switching the multiplexer 523 to receive \h! 

™ a ^r: aiternative defects — « " 

sent 6 " ht FIFO 519 tce^T' " ^ ^ 

FIFO it «« 7 corrected data is in the 

FIFO xt is ready to be sent to buffer memory or system 
memory (not shown) . The data is sen t 7 

controller's FIFO 519 to *„ fr ° m the 

F ° 519 to the system memory by the 
controller's DMA controller 507. This control J r 

out In 6 " 6 ;: 5 3CCeSS " — »» ^ Put- 

out an address and gates the data via an * ! 

interface 525 out to the system bus. ™ £ ^ 

each byte gets loaded into the FIF0 £ » 

corrected data is loaded into the FXFO it „ „ L b l 
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gated into an ECC hardware 521 where the data file will 
be acted on by the ECC. 

fr om a,. ThUS in thS Banner described, the data read 
from the memory device 33 is gated through the 
5 controller 31 to be sent to the system Th i s p reC e SS 
continues until the last bit of addressed data has been 
transferred. 

In spite of defect mapping of previously 

. : :: : T ctive ceiis ' new hard — — 

colt ^ fflaPPin9 - AS thS dynamic defe " -RPin, 

constantly » P uts away- new defective cells, the latest 

be a de T" My ariSe betWee " defe « ~PP*"9 would 
be adequately handled by the ECC. As the data il gated 

ecc b u i s T; on : roiier the cont - iier is 

stLd r° hardWarS " 7 t0 dete --* it the 

stored value matched the just calculate 

value T f u w calculated remainder 

21 I: «. 8 the " the data transferred out to 

the system memory was good and the r«H 
completed. However if th* rt "P^ation was 

a correction c.^.^^t:" 

—y is Perforned a ; r::r:: systeB 

tran Smitted . Thfi ^ ^ «" 

-ttr: 8 ^ by ------ 

--tive ceii a "Vi:\r e ;r ia T t ; i r iocate - 

the controller 31 to update the d efect Z 6 ^ * 
with the sector i„ which the ^J^VlT^ 
In this manner h.rH ^ detected. 

«» »-» «£. ZZ" """"" — '« 

control i" 9 ;." ' iU r r "" »« »rit. d . t . „«„ 

n the P r eferred embodiment. The fire* 
of a write sequence is sinilar „ ^" P — 
described previously. The nicronr sequence 
the Address pointed fo th l0adS 

DMA as in th. r..d ./ " and the 

the read sequence. lt also loads 
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desired into the address generator 503 and the command 
queue into the command sequencer 511. The command queue 
is loaded with a read header command first. Thereafter, 
control is passed over to the controller 31. The 
5 controller then gates the address and command to the 
memory device 33, as in the read sequence. The memory 
device returns header data through controller's receiver 
515. The controller compares the received header data 
to the expected value (stored in the holding register 

10 file 509) . if the compare is correct, the proper 
location is verified and the sequence continues. Then 
the controller loads the defective address pointers from 
the memory device 3 3 into the holding register file 509 
and the alternative data into the alternative defects 

15 data file 517. 

Next, the controller begins to fetch the write 
data from system memory (not shown) . it does this by 
getting access to the system bus, outputs the memory or 
bus address and does the read cycle, it pulls the data 
into a FIFO 601 through an input interface 603. The 
controller then shifts the starting sector address 
(lowest byte address, from the address generator 503 to 
the selected memory device 33. This is followed by data 
from the FIFO 601. These data are routed through 
»u txpl exers 605 and 513 and converted to serial format 
before being sent to the memory device 33. This 
sequence continues until all bytes for a write cycle 
have been loaded into the selected memory. 

A pipeline architecture is employed to provide 
emcxent throughput as the data is gated from the Firo 

the Firo lor 16 " 6 ' mem ° ry " • The data *" ed of 
a " F ° 601 13 S6nt t0 the SCC hardware 527 where a 
reader value will be calculated within the ECC. In 
th. „.xt stage, as the data is being sen t to the memory 
devxee through multiplexers 605 and 513, the comparator 



20 



25 



30 



SAN00072J 



22 



10 



30 



521 is comparing its address from the address generator 
503 to the defect pointer address values in the holding 
register file 509. when a match occurs, indicating that 
a defective location is about to be written, the 
controller s*ves this bit into the alternative defect 
data file 517 . At tne same ^ ^ ^ ^ ^ 

memory will be sent as zeroes. 

After the bytes for a write cycle have been 
loaded into the selected memory device, the controller 
issues a program command to the memory device and 
xnitxate a write cycle. Optimized implementations of 
write operation for Flash EEprom device have been 
app S r IT " PreVi ° USly Cited --pending U.S. patent 

15 ZltTT:*' Serial ' 175 ' ^ °" e "titl- 

Multi-state EEprom Read and Write circuits and 
Techn, . Relevant portiong o£ ^ disclQsures HI 

write * Be ? rPO " t - by • Briefly, during the 

write cycle, the controller applies a pulse of 
programm.ng (or writing, voltages. This is followed by 

loa T t0 d6tennine if 311 - the bits »»v. been 

programmed properly. If tne bits did nofc ver " 

controller repeats the pro W ver ify c ,, f unt n , n 
bits are correctly programmed. 

program/verV, *° 

- «t as y d~ td c ~ h ri e ;::r te 

accordingly The updating is ^ ° - 

as the defective cell is detected c<™<i 
taken in t-w Mtected. Similar actions are 

taken m the case of failure in erase verify 

han Performs another 
pro gram/verify sequence on .^/"^ 

sequence continues until the end of the da-.a for that 
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sector. once this has occurred, the controller 

^ h"": shadow aenory (header ™ 

with the sector (see figure 5, and writes the contents 
of the ecc registers into this area. 
5 in addition, the collection of bits that was 

a1 - e " written ^ memory at the 

alternative defects dara w,-- 

verified, the .sector write is considered completed 

The present invention also has provision for 
defect mapplng of the whole sect P I** 

number of defective • y *" er tne 

15 ceil defect", , **« " ce " M ">• 

defect Mppl „,. s capacity for that specific sector 

p«,et „ 1 „r;. lu .* t :r e t ln • s * ctot «— • 

<««t ..p. The sector defect .J My ^« ' ZT 
•rginel defective sector if , t „ " 

of defects. aIso be fu H 



locate thr^ t i o t r 1 .V r *' -r,bl " -*"*»«t to 

co„t„u. r z " r:. th : r . memory mai -^- 



WiC controller th* « ^- LJ,c:u oy 

The memory may be 1^=.*- ^ . 
controller hardware nr k located ln the 

—y. - th*;u r t„aer u ;iir,;':r a — 

access data given an address to 

access to the defective 
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i" C ° rreSPOndin * — "tut. sector i. accessed 
is De r, 'V 611 an ° ther efflbodifflent ' the sector remapping 

t h e ll ; e ;;r; a ; 9 ad x d f ress and corapares u a9ainst 

issue the ! 3 fflatCh ° CCUrS ' ifc does not 

"sue the command to the controller but instead 
substitute the alternative location as the new c ZlZ. 

10 state di K v Part fr ° n ^ high6r Speed of the ^lid- 
Parts r' 11 " adVanta9e iS ^ laCk - — ical 

in dlsK iive7 ^ r ° tati ° nal 

disk drives are not present, m addition the lona 

written is much less at i ^ 

lack Q f , n / - h6Se "^ifications and 

lack of constraints result in a much faster system with 

arranged in menory in any address *>« 

" rearing the controller to know how to get at th e dat 
as needed. 9 the data 

Another feature of the invention is that d e f»^ 
gapping is iffiplemented without ™ 

25 i„ a T" tranSf6 " ed to - the sector.. 

" in a block which may contain error- a « * 

regardless -„„ • errors are transferred 

regardless, and is corrected afterward* 

seeruenti»i ««rwards. Preserving the 

3 ° data paths. lecture " the read and write 



Write p,,.^ rv-tnu 

For exanm 9 Sl ° Wer aCcess dev ic*s 

-anpie ln a co=tputer ^ ^ ^- 
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disk storage is slow and the speed would be greatly 
improved if the data could be obtained from the much 
faster RAM. Typically a part of system RAM is used as 
a cache for temporarily holding the most recently 
accessed data from disk. The next time the data is 
needed, it may be obtained from the fast cache instead 
of the slow disk. The scheme works well in situations 
where the same data is repeatedly operated on. This is 
the case in most structures and programs since the 
computer tends to work within a small area of memory at 
a time in running a program. Another example of caching 
is the using of faster SRAM cache to speed up access of 
data normally stored in cheaper but slower DRAM. 

Most of the conventional cache designs are read 
caches for speeding up reads from memory. m som e 
cases, write caches are used for speeding up writes to 
memory. However in the case of writes to system memory 
(e.g. disks), data is still being written to system 
memory directly every time they occur, while being 
written into cache at the same time. This is done 
because of concern for loss of updated data files in 
case of power loss. lf the w . t . data is only ^ 
the cache memory (volatile) a loss of power will result 
« the new updated files being lost from cache before 
having the old data updated in system memory (non- 
vdatxle) . The system will then be operating on the „W 

The ne W ed en t ^ " Passing. 

The need to write to main memory every time defeats the 
caching mechanism for writes. Read caching does not 
have thxs concern since the data that could be lost from 
cache has a backup on disk. 

EEor 0m • ^ ^ inVention ' a «y«t« of Flash 

o traa S f US 1 t0 Pr ° Vide — -cry in pl ace 
of traditional system memories such as disk storaoB 
However, riash EEp rom memory is subject Jt^Z 
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by excessive program/erase cycles. Even with the 
improved Flash EEprom memory device as disclosed in co- 
pending U.S. patent applications. Serial No. 204, 175 and 
one entitled -Multi-state EEprom Read and Write circuits 

hTJITiT 5 '' by san3ay Mehrotra and >"y- 

the 1 °" SaBe 33 PreS6nt ^^ion, 

the endurance limit is approximately 10' program/erase 
cycles. m a ten-year projected life time of the 

« zt p :: l : transiates to a ^ - - 

used T ° ° VerC ° ae *"* Pr ° blen ' a Cache ffie ^ is 
used in a novel way to insulate the Flash EEproffl memory 

dev.ce from enduring too many program/erase cycles. rZ 

Instil T With trad itional caches 

Instead of writing to the Flash pp„ m „ acnes. 
^ *±ash EEprom memory everv timo 

tl»€S 1„ th. Col, „. fot . „ el connltt , a ' 

Kpro. „.„ ory . m , rMuces « . „.„, 

»>sh rep „. „ emory . Us0i by * 
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system and a dedicated rechargeable power supply nay be 
switch in only to power the cache system and the 
reserved space in the Flash EEprora memory. 

Figure 8 illustrates schematically a cache 
system 701 as part of the controller, according to the 
present invention. On one hand the cache system 701 is 
connected to the Flash EEprom memory array 33. On the 
other hand it is connected to the microprocessor system 
(not shown) through a host interface 703. The cache 
system 701 has two memories. One is a cache memory 705 
for temporarily holding write data files. The other is 
a tag memory 709 for storing relevant information about 
the data files held in the cache memory 705. a memory 
timing/control circuit 713 controls the writing of data 
files from the cache memory 705 to the Flash EEprom 
memory 33. The memory control circuit 713 is responsive 
to the information stored in the tag memory as well as 
a power sensing input 715 with is connected through the 
host interface 703 via a line 717 to the power supply of 
the microprocessor system. a power loss in the 
microprocessor system will be sensed by the memory 
control circuit 713 which will then down load all the 
data files in the volatile cache memory 705 to the non- 
volatile Flash EEprom memory 33. 

in the present invention, the Flash EEprom 
memory array 33 is organic into sectors (typically 
512 byte size) such that all memory cells within each 
sector are erasable together. Thus each sector may be 

the""!" 6 ' t0 St ° re 3 3 Write °P«»tio' on 

the memory array acts on one or more such files 

During read of a new sector in the Flash EEprom 
-mory 33, the data file is read out and ^ ^ * 

to the host through the controller. This file is J 
used to fin the cache menory ?05 ^ 

traditional cache systems. 
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After the host system has processed the data 
within a file and wishes to write it back to the Flash 
EEprom memory 33, it accesses the cache system 701 with 
a write cycle request. The controller then intercepts 
this request and acts on the cycle. 

In one embodiment of the invention, the data 
file is written to the cache memory 705. At the sane 
time, two other pieces of information about the data 
file are written to a tag memory 709. The first is a 
file pointer which identifies the file present in the 
cache memory 705. The second is a time stamp that tells 
what tiae the file was last written into the cache 
mejnory. m this way, each time the host wishes to write 
to the Flash EEprom memory 33, the data file is actually 
first stored in the cache memory 705 along with pointers 
and time stamps in the tag memory 709. 

In another embodiment of the invention, when a 
write from the host occurs, the controller first checks 
to see if that file already existed in the cache memory 
705 or has been tagged in the tag memory 709. if it has 
not been tagged, the file is written to the Flash memory 
33, while its identifier and time stamp are written to 
the tag memory 709. if the file already is present in 
the cache memory or has been tagged, it is updated in 
the cache memory and not written to the Flash memory, 
in this way only infrequently used data fii es are 
written into the Flash memory while frequently used data 
files are trapped in the cache memory. 

in yet another embodiment of the invention 
when a write from the host occurs, the controller first 

anywhere within a predetermined period of tine (for 
example, 5 minutes). „ it has not , th . ^ 
-itten to the riash memory 33, while, its identifier 
and time stamp are written to the tag BeBory 709 If 
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the data me has been last written within the 
predetermined period of time, it is written into the 
cache aemory 705 and not written to the Flash aemory. 
At the same time, its identifier and time stamp are 
written to the tag aemory 709 as in the other 
embodiments, m this way also, only infrequently u Sed 
data files are written into the Flash memory while 
frequently used data files are trapped in the cache 
memory . 

, nK . In 311 embod ^ents, over time the cache memory 
705 will start to fm up . When contrQlier J 

detected that some predetermined state of fullness has 
been reached, it begins to archive preferentially some 

ZTJZ ^ C3Che nem ° ry 705 * ^«„g 

them to the Flash memory 33. 

In either embodiments, over time the cache 
aemory 705 will start to fin up . When the 
has detected that some predetermined state of fullness 
has been reached, it begins to archive preferen^ al 

writing It °T ^ ^ * 

writing th.a to the Flash memory 33. The fill 

identifier tag bits for these fU es are ^ J. 
-dicatmg that these files may be written over. ^ 
«k« room for new data files entering the cache memory 

the l ea COntr ° ller is "^onsible for first moving 

the least actlve f . les back . nto Fiash g 

-,e oon for _ actiye fnes> Tq ry 33 to 

file's activity level, the time stamp for each fii^ 
incremented by the controller at every time !f ! 
"set by a new activity of th e f n e T ! * 
Prided by timers 7U. At every t tlnin9 *" 

controller systematically ^Z^Z^ £ 

r ^r^rr" the iast time — £ 
stamp b l :™\ r v in — - «- 

one) . S ^ P fl " e - in ^er.ts the count by 
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Two things can happen to a file's tin. 

for the time stamp to be reset 

reset m the event of a new 

■ ew^ v ™ 9 - ° ther P0SSlbili ^ iS no 

co" inues t ■ ^ file 3 " d the staap 

contxnues to mcreaent until the fll . is renoved ^ 

rtte s 1 : practice a naxiauB iiBit - 

For exaJl! ,7 " '"^ t0 inCre3Se ^"itely. 

10 incU en t t 'o a ^ ^ ^ ^ ^ to 

orient to a maxxnxm period of inact 

ainutes. Thus, when a data file is ■ 
-cry, the time stanp fo ^ he ^7 " 
initial value. Th en the t, ffle ^ T ^ 

incrementing at every tl». ««. , t0 396 ' 

"P-ats- „ „„ activity „„ » „ 

will be reset to ...... S locat ion 

register. o the othe" h"', l0Cati ° n °' ^ 

inactive the bit Im ' " ^ " le reaains 

» te^inal sMft position ^ t0 

value for each fn e • ♦ ^"e^ * «»t 

«~ step. ^ U « — 
co-Pared to a master counter ^diff ^ ^ *« 

ti- delay in question. d ^«ence being the 

Thus, if a file is active its i„„ 
stamp is reset . . . . C1Ve lts ceremented time 

and win be keot i„ , , P ldentl f iers 

p ln cache until 

» decreases. After * „„ • lr activity 

fti. uer a period n f ■ ^ _ , . •* 
of inactivity has expired, 
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they acquire the maximum time stamp identifiers. The 
inactive files are eventually archived to the Flash 
memory freeing space in the cache memory for new, more 
active files. Space ls also freed up in ^ ^ 

when these inactive files are moved to the Flash memory. 

At any time when room must be made available 
for new data files coming into the cache memory, the 
controller removes some of the older files and archives 
them to the Flash memory 33. Scheduling is done by a 
memory timing/control circuit 713 in the controller 
The decision to archive the file is based on several 
criteria. The controller looks at the frequency of 
writes occurring in the system and looks at how full the 
cache is. if there is still room in the cache, no 
archiving need to be done, if more room is needed, the 
files with the earliest time stamps are f irst rCT10 ved 
and archived to the Flash memory. 

Although the invention has been described with 
implementation in hardware in the controller, it is to 
be understood that other implementations are possible 
For example, the cache system may be located elsewhere 
in the system, or be implemented by software using the 
existmg microprocessor system. such variations are 
wathan the scope of protection for the present 
25 invention. 

to the fJ'h Ue ° f ° ften " Written 

to the Flash memory is determined by several factors 

It depends on the size of the cache memory and the 

30 IT"" ° f WriteS ° CCUrrin9 in the »ith a 

C X\ mem ° ry SyStem ' ° nly ^ ^equency 

will also be cached with increasing cache memory size 
m the present invention, a relatively cheap and snaU 
amount of cache memory, preferably about 1 y b ' "™" 
33 used to good advantage. By not cons^^-^ 
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■ — «n it . ly . z.z:zz t z ™ — « 

EEpron „.„ ory „ rray to p t e ;" F1 ,; h E r ° of Fl,sh 

»"M. .lt.r»,i», to convention,, ' e "° ry * 

stor.o. devices. ™"»«>«1M»1 non-voLtii. „.. 

"nil, the ertodinenta of tn« v«rj n „. 
«• Present invention th.t hev. ' "1 

Purred MpU-entation. W ose * " ? 
™aerst.„d th « v . ri , ' ~, " * km " 1 art , iu 

"""" °» »» -~ « «. — cUi™'"*" 
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1. A Flash EEpron system ae mprising: 

a Plurality flf . T Petitioned into 

•i-Ut.n.ouM,, f"™ 1 " «...M. 

means for simultaneously perforfflin „ „. 

2 - A Flash EEpr/m system as 
including / ln cla:Lm 1, 

operation s ^ J ^ « the erase 

chip select signal. / \ ^ to the 



\ 



3 - A Flash/EEprom 'sVsten as in , • 
wherein the erase operation , v h ^ 
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1 fun* 5 ' ^ Fl3Sh EEPr ° m SySte " acc /' d ^ to claim 
1/ further comprising: / 

means for simultaneously .^selecting all 
sectors. / 

1 „ here . 6 '. h The FlaSh EEPr ° m s ^ ste / deling to claim 
1, wherein the selecting means fu«4her comprises: 

for hoi, • lndiVidUal register "-/iatec. with each sector 

5 selectL a StatUS t0 indiCa 7 Wh6ther the Sect - i- 
s selected or not. / 

6 v„„ ? * FlaSh EI W s y s ^ according to claim 

6. wherein the simultaneously erasing Beans is 

registers, such that only the selected sectors are 
included in the erasing./ 

6 wh. 8 * ^ Fla 7 EEpr0a V em aCCOrdin ^o claim 

^isterV 1 : r one r c -t\- o f the individu : 

res tta b le t """I 3 ^ ™ 

resettable to an ui^-selected status. 



5 



. : 7 u tr -^r, ™^ 

10. / A system for correct- in„ 

defective ce/ls within an Correctln 9 errors from 

ce/Lis within an array of Flash EEprom cell., 

comprising:/ "firom ceils, 

substitute cells; 

i/eans for substituting one or no,.- * 
defective/ cells with * 6 ° f the 

-ub.tW.c-x,; —spending nuRber of 

/ 
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for 



defective cells withtrTan T ""^T ««« rro. 

- claim 10 wherl n th °' 'T EEpr - Cells " 

wnerein the substit-ut-i^ z 

automatically to new defec J v ;tenT eanS alS ° aPPUeS 
detected. elective celi/ as soon as they are 



!2. A system f or /correct,- „„ 
defective cells within /Erecting errors from 

liS w ithin an arj'ay of Flach 
« claim io, said arrav /J . ° fFlashE EP ro» cells as 
Plurality 0 f KIash * s/ 9 Petitioned int0 a 

within each Je^r a :X e T" ^ 311 

substitute cell are -Zrr ble "< ^ «»««in the 
cells. / the Sane sect °* « the defective 



13. 



system 



defective ceUsZtMnl™^"^^ e ™ frora 
in claim n, further co - ^ CeUs as 

— t poiX, TZZTZT a defect map for st °^* 

defective c/ls to t h at of t r ^ add " SSes « f the 
cells. / ° f the "responding substitute 



- rf* 13 , wherein the ^Z'T »P«- cells as 
Ware l ocated in ^ .J"^/ 0 ' Active 
cel^. me sec tor as said defective 
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defective^,/ Correctin 9 ^/ors from 

as " cl" " " ° f FlaSh A™ 

olurl. ' being P««/*on.d into « 

Plurality of Flash erasable sectors • 

within each sector are erasable at cZe, wherein tn"! 

does n l nUKber ° f defectiv y^Hs in the sector 

does not exceed a predetermined number and th G 

number is exceeded. 



defective «ns\r t y h S i t n el8 / 0r ""^^ <«» 
as in claim is I V ° f P1 " h EEprom cells 

.ut™« 7" ei ° •""•"'"""S »■■- .1.0 applies 



18. 



inT.r r* "" hln an "" y ° ! -p- " ell r 



system for 



correcting errors 



from 
as 
ion 
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d.f.^- "\ * SySte ° f ° r correctin * >«d data in 
defects cells within an array of Flas/EEpror, cells 
comprising: / iS ' 

> for the d T! itUte C6llS ' " St ° ring /° d data 4B *«"- 
» ror the defective cells; / 

means for substituting the/bad data in one or 
»ore of the defective cells with /he good data in tne 
corresponding substitute cells wiZ the defective cells 
are accessed. / s 

20. A system for/correcting bad data in 
defective cells within an ar/y of Pl ash EEpron celIs ^ 

savi ; ln th 19 ' £ T er Bear - S '~ 

saving the good data in/ended to be written to «■„ 

z::t ceiis to the sj:::: e reus 

thereby perserving the/ntegrity of the good data. 

defective'cei^'.Xr ^W" 6 ""' »ad "f in 
detected. 7 ! 0,111 " soon as ***y are 

defective'ce/swithT ^""^ * d ^ - 

in clai m X sa^ ""T °' ^ « lls « 

Plurality /f ; iash * bSln9 P 3 "^^ into a 

within eX; e 1 c a t S 0 h r e a r : Sable S6Ct0 " ^ «»at ail cells 

f sector a " erasable at once ^ * • 

stored therein °nce, and data is 

cnerein, wherein the substi t„t „„ 
after the data i„,, „ • substituting rneans appli es 

data including the bad data has been a= cessed . 
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23. A system for correcting * ad dat , . 

c 2 e : is within an a ~ ay •« A° - * 

in c aim 20 , said array be . ng part X 

° f F1 " h sectors su/that an e.^ 

within each sector are erasable at <£e, wherein ^1 
-stitute cells are in the same sect/ as ' the 



24. A system for c/rrecting bad data in 

ceUs are ' W " 6rein T f ° r Said de ^=ti ve 

c.11. .« located ln t /e same lector as said defective 



defective cells ^ in 

in claim is S X " ° f " Mh « 

Plurality ,^7™; b6ing *» rt *tio„.«, into a 

within each seXTr ^ ^ a11 Cells 

substitute ceiif are ,: raSable " ° nCe ' Wherei " th. 

L€ cel lrG are in the same sector as f ho . * 

*« - , P „ d . t «„ in d ce : b «• ■«» 

substitute dells i~ ^ • fie4 ' and the 

number is e/ce eded 3 dl " 6rent SeCt " ^ th. 
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27. A system for correcting Jbad data in 
defective cells within an array of Flash EEprom cells as 
in claim 26, wherein said sector is r/placed in its 
entirety by a substitute sector when /said number is 

5 exceeded. 

28. A system for correcting bad data in 
defective cells within an array of p/ash EEprom cells as 
in claim 26, wherein the substituting means also applies 
automatically to newly occurring defective cells. 

29. A system for c/rrecting bad data in 
defective cells within an arra/ of Flash EEprom cells as 
in claim 28, including use of error correction codes. 



30. An improved iystem for writing data files 
into a Flash EEprom memoyV comprising: 

a cache memory/ for temporarily storing data 
files intended for theyfrlashv EEprom memory, said cache 
5 memory able to undergo? significantly more write/erase 
cycles than the Flash/ EEprom h^mory ; 

means resporfeive to Jr ^stem write to the Flash 
EEprom memory for v/riting dlta files into the cache 
memory instead of the Flash zfeprom memory; 

10 means fo y identifying each data file in the 

cache memory ; / 

means far determining the tine since each data 
file was last written; and 



15 



means *or first moving data file having the 
longest time si^ce last written from the cache memory to 
the Flash EEpnbn memory when additional space for new 
data files lJ required in the cache memory, thereby 
substantial W reducing the number of actual writes and 
associated stress to the Flash EEprom memory 
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- ^ iniprOVed s y st e™ as i/ claim 30, 

rurtner comprising: 

a backup non-volatile memory /r downloading 
the data files in the cache memory thereto; and 

means responsive to an impending power loss for 
down loading the data files in the Zche memory to the 
backup memory, thereby saving the/data files from the 
possibly volatile cache memory. 7 

32. The improved /system as in claim 3 0 
wherein the backup memory i/ part of the Flash EEprom 
memory. / * 

33. The Woved system as in claim 30, 
wherein the cache me/ory has a significantly faster 
access time than tha/ of tft Flash EEprom memory. 

ineiurfi ^ lBprov *fV Bt «» « in claim 30, 

xnclud ng a controller circuVt\ hi p for controlling the 
operations of/the Flash ElLrom memory, wherein the 
improved sys/em is part of the controller circuit chip 



« , ,1 imprOVed s y sten > « in claim 3 0 

including a microprocessor system and random access 
memory wherein the improved system is implemented by 
5 me°X re " ^ miCr ° PrOCeSSOr SyStem ^ "ndorn access 



SAN00074O 



41 

36. 



An improved system for writing data files 
into a Flash EEprom memory comprising: / 

a cache memory for temporarily/storing data 
files intended for the Flash EEprom mem/ry, said cache 
memory a ble to undergo significantly Z re write/erase 
cycles than the Flash EEprom memory; / 

means responsive to a system/write to the Flash 
EEprom memory for writing data fi/ es into the cache 
memory instead of the Flash EEprom/memory , 
10 a tag memory for storing/the identity of data 

files and the time each data tiJ was last written; and 

means for f irst movi J, data file h 
longest time since last writte/f rom the cache memory to 

15 data fn When / additi °-l sP-e for new 

data files is required in L ^ ^ 

substantially reducing the/number of actual writes and 
associated stress to the /lash EEprom memory. 

fllrfh " * ThS ^oved system as in claim 36, 
further comprising: / (V 

the dat ^• 1 b8CkUP T- VOla 4V e Be,BOry for downloading 
the data files in tne cacheUory thereto; and 

down i „ neanS res /° nsive to f "Wending power loss for 
down loading the iata files n Yhe cache memory to the 
backup memory, fr reby saving the data £ 
possibly volati/e cache memory. 

wherein rV ' J V" * y * tm " in claim >*• 

memorT ^ ^ ° f ^ F1 " h — 



3/* 



wherein A lmPr ° Ved " in Clais 

wherein «he cache memory has a significantly fasten 

access t/.e than that of the Flash EEprom memory. " 
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40. The improved system as/ in claim 36, 
including a controller circuit chip for/controlling the 
operations of the Flash EEprom memdry, wherein the 
improved system is part of the controller circuit chip. 

4 1 . The improved system as in cla im 3 6, 
including a microprocessor system and random access 
memory, wherein the improved sysxem is implemented by 
software in the microprocessor system with random access 

5 memory. / 

42. An improved sy/tem for writing data files 
into a Flash EEprom memory ^comprising: 

a cache memory jot temporarily storing data 
files intended for the F3fash EEprom memory, said cache 
5 memory able to undergo Significantly more write/erase 
cycles than the Flash EEprom memory; 

means responsive to a system write to the Flash 
EEprom memory for wryiting \ da 1 a file either into the 
Flash EEprom memory/ or instead into the cache memory, 

10 said responsive ae^ns writing to the Flash EEprom when 
the a previous copy of said da£a file is not present in 
the cache memory/ and writing to the cache memory when 
a previous copy of said daita file is present in the 
cache memory; and 

15 mean* for first moving data files having the 

longest times since last written from the cache memory 
to the Flashr EEprom memory when additional space for new 
data files/ is required in the cache menory, thereby 
substantially reducing the number of actual writes and 

20 associated stress to the Flash EEprom memory. 
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43. The improved system as /in claim 42, 
further comprising: 

a backup non-volatile memory- for downloading 
the data files in the cache memory ^hereto; and 

means responsive to an impending power loss for 
down loading the data files in tone cache memory to the 
backup memory, thereby saving Ae data files from the 
possibly volatile cache memo: 



44. 



wherein the backup mem 
memory. 



The impro/ed system as in claim 4 2 , 
is paAt of the Flash EEprom 



45. The improved system foV writing data files 
mto a Flash EBprom memory according to claim 42 
wherein said responsive means for writing includes a tag 
««ory for string the identity of data files and the 
time each da^a file was last written, and wherein said 
res pons W mean s writing to the Flash EEorom when said 

Z I J " t8 " ed " ta9 nem ° ry ' and "''ting 
to thyfache memory when said data file is tagged in 

tag memory. 
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46. An improved system for writing data files 
into a Flash EEprom memory comprising: / 

a cache memory for temporarily .storing data 
files intended for the Flash EEprom memoi^, said cache 
memory able to undergo significantly mpre write/erase 
cycles than the Flash EEprom memory; 

means responsive to a system vwrite to the Flash 
EEprom memory for writing a data file either into the 
Flash EEprom memory or instead irdo the cache memory, 
said responsive means writing to /the Flash EEprom when 
said data file is last written sifter the predetermined 
period of time, and writing t6 the cache memory when 
said data file is last writ^/n within a predetermined 
period of time; and 

means for first /oving data files having the 
longest times since last/written from the cache memory 
to the Flash EEprom memory when additional space for new 
data files is required in the cache memory, thereby 
substantially reducing the number of actual writes and 
associated stress to 7 the Fl^sh EEprom memory. 



47. tW improved Wstem as in claim 46, 
wherein the cacl/e memory h^s a significantly faster 
access time tW that of the\ Flash EEprom memory. 

The improved system as in claim 46, 
including a controller circuit chip for controlling the 
operations /of the Flash EEprom memory, wherein the 
lnP " Ved S / Ster ' is e"t of the controller circuit chip. 

/49. The improved syster. as in claim 46 
including a microprocessor system and random access 
memory/ wherein the improved system is implemented by 
software in the microprocessor system with random access 
menoyy. 



SAN000744 



50. An improved system for writing data files 
into a Flash EEprom memory comprising: / 

a cache memory for temporarily storing data 
files intended for the Flash EEprom m/mory, said cache 
memory able to undergo signif icantl/ more write/erase 
cycles than the Flash EEprom memory 1 ; 

a tag menory for storing/the identity of data 
files and the time each data fil/was last written; 

means responsive to a system write to the Flash 
EEprom memory for writing a daka file either into the 
Flash EEprom memory or inste/d into the cache memory, 
said responsive means writing to the Flash EEprom when 
the data file is not ident/fied in the tag memory, and 
writing to the cache me/ory when the data file is 
identified in the tag me/ory; and 

means for moving first the data files having 
the longest times since last written from the cache 
memory to the Flash EEprom memoA when additional space 
for new data files As required Vj/the cache memory, 
thereby substantia/ly reducing^W number of actual 
writes and associa/ed stress to t^e ^lash EEprom memory. 

51. /The improved system as in claim 50, 
further comprising: ' 

a backup non-volatile memory for downloading 
the data files in the cache memory thereto; and 

7 ns "sponsive to an impending power loss for 
town loading the data files in the cache memory to the 
backup me/ory, thereby saving the data files frot the 
possibly/volatile cache memory. 

/ 52. The improved system as in ciain 50 
wherein the backup memory is part of the Flash EEpron 
memory. 
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53. The improved system as"' in claim 50 
wherein the cache memory has a significantly faster 
access time than that of the Flajth EEprom memory. 

54. The improved system as in claim 50, 
including a controller c^cuit chip for controlling the 
operations of the Fj£sh EEprom memory, wherein the 
improved system is^art of theUntroller circuit chip 



system as in claim 



50, 



55/ The improved 
including/a microprocessor System and random" access 
aeaory/vherein the improved system is implemented by 
software an the microprocessor system with random access 
-> meioory. 
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colter ™ t - A l»T" y ^ '/ ' Pl °' " 

bus .„< 7 ™. na * ! " -'«. ■ .y««. 

a large number of ind/vidually addressable 
storage cells organized into a plurality of 
sectors, each sector containing a plurality of 
said storage cells, 

anv J PlU " Uty ° f ^ are st0 «2? ^ within 
any of said sectors/ 

Predetermined .tat/, and t0 3 
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4 8 

which adrt 5 ^ mem<>ry Card aCCordi "9 to /claim 56 

sai d ca l " C ° nPriSeS 3 C3Che — y/ounte, on 

means T Wh6rein - a /s includes 

than f ° r / nitially -id cache JSory rathe" 

than said EEprom menory( said read r y « 

addit ' t0 ^ read ' 3nd S3id P«X»»ing means 
additxonally includes means tesponsi J ^ J S 

~ry becoming full for writing its ,7 

or d ;:: said EEpr ° B ^ -A to — ~ 

tor new data an said cache memory. ' 

each of sa ?; K The meBOry 38 /" Claim 56 ' whe "i» 

each of said chips further included a plurality of spare 

sui:::', and wherein said - ns a i 

substitutes one of said spare Zctors wO e of ° 
sectors when a predetermined nuLr of JnAn S L 
of said sector become defecti^T ^ ° ne 

correction codes. / corrections ing error 



60. The memoify card as in clairc 56 , includinn 
a controner and an Zterface connected to Z T.Z 
bus, s id controUe / being adgpted tQ ^ ^ Z Z 

ed r a standard ™^ 

sto r systen /. ctablB ^ 

thereby emulating/said dis* drive systen * 
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/ 



61. The memory card as in clain/56, in which 
various operating voltages are required for various 
operations of the EEprom chips, including means for 
generating the various operating/voltages from the 
standard power supply. 



62. A storage systej/incorporating therein the 
memory card of claim 56, c^mprisit^g: 

a controller tdv controlling the operation of 
the EEprom chips; / 

means for^nerat^g-^iTages for the operation 
of the EEprom chi 

means /or error correction in the operation of 
the storage astern; and 

m^ns for interfacing the storage system to a 
computer ysystem. 



/ 
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ABSTRACT 



controUinVcitcult 0 ' ^ ^ 

as that provLea bv " »«ory such 

H uviaea b y magnetic disk dri^r. 
include S el ective multiple sect " r era 
combinations of Flash .L! ' WhiCh any 

Selective sectors "" y be 6raSed to * et ^- 

e sectors among the selerton • 
also be de-.elaet.rt selected combination may 

<tt«M. „,,„ k "°" " « "•<•«!« c.11 1. 

wnen the number of defect-c <„ 
^comes l arge , the whole se ' t 6 ^ Ct f 3 Flas » —tor 

-other improvement i s the use of a Yrt 
"duce the number of writes to th I ^ "° 

-ere by ninimi2ing ^^tT^"- —ry. 
^ergoing too many write/erase ^ £ ^ 
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Each of the Applicants named below hereby declares as 

follows: 

1. My residence, post office address and country of 
citizenship given below are true and correct. 

2. I believe I am the original, first and joint 
inventor of the invention claimed in the patent application 
specification Serial No. 337,566, filed April 13, 1989, for which 
a patent is sought, and I have reviewed and understand the 
contents of the attached specification/including its claims. 

3. I acknowledge my duty to disclose information of 
which I am aware which is material to the examination of this 
application. I understand that infonnation is material where 
there is a substantial likelihood that a reasonable patent 
examiner would consider it important in deciding whether to allow 
the attached application to issue as a patent. 

I further declare that all statements made herein of 
*y own knowledge are true and that all ° 

information and belief are believed to be true; and further that 
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,;v/ IN THE UN ITED STATES PATENT AND TRADEMARK OFFICE f 



Tn re Patent Application of 

ELIYAHOU HARARI , ROBERT D. 
NORMAN and SANJAY MEHROTRA 

For: FLASH EEPROM SYSTEM 



PARENT APPLICATION 
ASSIGNED TO GROUP 
ART UNIT 2313 



San Francisco, California 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



CERTIFICATE OF EXPRESS MAI LING UNDER 37 CFR 1.10 

I hereby certify that this patent application transmittal 
and the documents referred to as enclosed therein are 
being deposited with the United States Postal Service as 
"Express Mail Post Office to Addressee" Mailing Label 
Number TB32760177X addressed to: Commissioner of Patents 
and Trademarks, Washington, D.C. 2 0231 on 
December 29, 1993. 



Name: Brenda J. Dolly 
Signature t Date 
CONTINUATION APPLICATION TRANSMITTAL 



Sir: 



This is a request for filing a continuation application 
under 37 CFR 1.60 of pending prior application Serial No. 
07/963,838, filed October 20, 1992, by Eliyahou Harari, Robert D. 
Norman and Sanjay Mehrotra, for FLASH EEprom SYSTEM. 

1. Enclosed is a copy of the prior application, 
including the Declaration of the inventors as originally filed. I 
hereby certify that the attached papers are a true copy of prior 
application Serial No. 07/963,838 as originally filed on October 
20, 1992, as appears in the files of the undersigned attorney, and 
that no amendments referred to in the oath or declaration (if any) 
filed to complete the prior application introduced new matter 
therein. 

2. Cancel in this application original claims ^1-55 of 
the prior application before the filincj fee is calculated. 
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3. The filing fee is calculated to be $710.00, a check 
for which is enclosed. The Commissioner is hereby authorized to 
charge any additional fees which may be required, or credit any 
overpayment, to Deposit Account No. 13-1030. A duplicate copy of 
this sheet is enclosed. 

4. Amend the specification by inserting on page one, 
before the line 4, the following new section: 
ttr^ross-Reference to Related Application* 

This application is a continuation of co-pending 
application Serial No. 07/963,838, filed October 20, 1992 now 
patent no,^ . which in turn is a division of original 

application Serial No. 07/337,566, filed April 13, 1989, now 
abandoned, which are hereby incorporated herein by this reference. 

The f o ll o wing related p a t icnto and pa ^ni^ppU^tt^n&^a^^ 
also incorporated herein by this reference: / 
Patent No. 5,095,344 3/10/92 



Patent No. 5,172,338 
Patent No. 5,200,959 

Patent No. 5,270,979 

Serial No. 07/919,715 
Serial No. 07/629,250 

Serial No. 08/148,932 
Serial No. 08/148,930 
Serial No. 08/149,602 
Serial No. 07/948 , 175 
Serial No. 07/736,733 



12/15/92 
04/06/93 

12/14/93 

07/24/92 
12/18/90 




Highly Compact EPROM and Flash 
EEPROM Devices 

Multi-Sta4e EEPROM Read and 
Write Circuits and 
Techniques 

Device/and Method for Defect 
Hand/ling in Semi -Conductor 
Mem6ry 

Method for Optimizing Erasing 
of EEPROM 

Sec^meKted Qolumn Memory Array 

DeWe Vertical Read Only 
MeWory Cell Structures and 
Processes for Making Them 

StreamlinecTTfrite Operation 
For EEPROM System 



Mixed Data Encoding EEPROM 
System 

Method for Optimizing Erasing 
of EEPROM 

Latent Defect Handling in 
EEPROM Devices 

Device and Method for Control- 
ling Solid-state Memory 
System 
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Serial No. 07/736,732 

Serial No. 07/759,212 
Serial No. 07/759,497 
Serial No. 07/886, 0J60 
Serial No. 08/151,292 




Computer Memory Cards Using 
Flash EEPROM Integrated 
Circuit Chips and Memory- 
^^Controller Systems 

j / 
OS/13/91 / Weari/Leveling Techniques for 

' / FTash EEPROM Systems 



09/13/91 
05/20/92 
11/12/93 



v Flash EEPROM Array Data and 
\ Header File Structure 

sSf*-£rrors Handling in EEPROM 
Devices 

Removable Mother/Daughter 
- Pe r i p heral Card -t^W^ 



5. The prior application is assigned of record to 
SunDisk Corporation. 

6. Five (5) sheets of formal drawings are also enclosed. 

7. The Power of Attorney appearing in the prior 
application is to Gerald P. Parsons (Reg. No. 24,486), Martin F. 
Majestic (Reg. No. 25,695), J. Suzanne Siebert (Reg. No. 28,758), 
and James S. Hsue (Reg. No. 29,545), and Philip Yau (Reg. No. 



32,892) 



8. Address all future communications to: 

Gerald P. Parsons, Esq. 
^JESTIC, "PARSpNS", SIEBERT & HSUE 
/Fo\iV~Embarcadero Center, Suite 1450 
San "Francisco," CAV 94111-4121 

Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 



Dated: December 29, 1993 



P. A- 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT &" HSUE " 
Four Embarcadero Center, Suite 1450 
San Francisco, CA 94111-4121 



Docket No.: HARI-0606 
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IH THE UNI * 1 3 STATES P ATENT AND TRADE. . o< OFF TPF 
[36 Ift2re Patent Application of 



ELIY, 



HARARI, et ai . 
No.: 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Group Art Unit: 2313 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



San Francisco, California 



CERTIFICATE Of EXPRESS WAILING UNDER 37 CFH 1.10 

I hereby certify that this patent application transmittal and the documents referred to as 
enclosed therein are being deposited with the United States Postal Service as "Express Mail 
Post Office to Addressee" Mailing Label Nutter T86H039217US addressed to: Commissioner of 
Patents and Trsdemar^r^ashington, D.C. 20231 on December 22, 1994. 
Julie l 
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DISCLOSURE STATEMFNT 



Sir: 



The following Form 1449 and copies of each cited 
document is being .filed herewith as a Disclosure Statement 
submitted for the Examiner- s consideration. Consideration of 
each of these documents by the Patent Examiner, and the making of 
each of them of record in the file of this application, are 
respectfully requested. 

Respectfully submitted, 

Dated: December 22. 1994 

Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, California 94111 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
Gpp:jmb Attorney for Applicant 

Atty. Docket: HARI-0606 



Senat Mo.: 08/174,768 
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THE UNITED STATES PATENT AND T RADEMARK CU FT ?FT 



cent Application of 
BLIYAHOU HARARI, et al . 
Serial Wo.: 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Group Art Unit: 2313 # M \ fl 



San Francisco, California 

Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 

CERTIFICATE 0> EXPRESS MA1LI HC U*t»FR 37 Cfft i.m 
iiT^H SCllZ thit WHwtlon trana«ittai and the documents referred to as 

iTt V Ifl !° ** il,r * L4t » l TI6H039217US eddreesed to: CoeaaUaiooer 

•••tenta and Traotaaafte, WaaMngton, o.C. 20231 on Oeceater 22. 1094. 

Julie N. la 




PRELIMINARY AMENDMENT 



Sir: 



Please amend the above-identified patent application 
prior to a first Examiners Action, by cancelling claims 56-62, 
all of the claims now in the application, and substitute the 
following new claims therefo re: 

4t^3. 



"card that is connectable to 



A memory system on 
a computer system, comprising: 

an array of non-volati^ floating gate memory cells 
partitioned into a plurality rfsec^ra(that individually include 



- r- acw^ui i*^t.n^ individually include 

distinct group of said arr>V J^emor^lls that are erasable 
>gether as a unit. / ^ 

a memory controller that is connectable 



together as a unit, 

means includi 
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to said computer system for controlling operation of the array 

means for linking any defective one/ of said plurality 
of sectors to others of said sectors, and / 

means for accessing linked others/of said sectors in 
place of said defective sectors.— 

-64. The memory system card ft claim 63 wherein said 
linking means is stored in the array.—/ 

-65. The memory system car/ of claim 63 wherein said 
accessing means is within the controller. — 

-66. The memory system card of claim 63 wherein said 
accessing means is within a processor of the computer system.- 
-67. The memory system/card of claim 63 wherein said 

TZViT t* Cha " Cteri " d » -yfabl. with a magnetic 

disk drive storage system an d enable of^tituting therefor in 
said computer system.— 7 ^ /1 ^ 

sector H„w 68 ' Bem ° ry a / BtBm of ~^^ « wherein said 

defective sactors into one/of the others of said sectors — 

— ^ " 69 * ^ nem 7 Y 8yStem Card of claiB 68 which 
additionally comprises means responsive to a number of defective 
e.11. within a particu/r sector exceeding a certain number for 
adding . defect poin J r to ^ ^ ^ J« 

, sector into another Sector . — 

i^L "' 70 ' A meth ° d ° f ° perati "9 • computer system 
^lading a processor and a memory system^erein the memory 

fie T P « iT S : n ar " y ° f —^"^ting *ate memory 
' Includ 7 lnt ° 3 PlUraUty ° f 7^ors that individually 

include a distinct group of said arZ of memory cells that are 
erasa ble together as a unit, and/controller connectab ^ to s id 
Processor for controlling opera/on of the array, comprising: 
identifying when a sector becomes defective 

defect ma P ; t0rin9 ^"/^ ^ *'^° ~*~ * * sector 

»a P an addres^f 1^ ******* in the 

address of another sector that is not defective, and 

Serial »o.: 08/174,748 
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accessing a sector of the memory system by, when the 
sector being accessed^isdef ectij^e, referring to the sector 
defect map to translate the address of the defective sector being 
accessed into^arh address of another sector that is not defective, 
thereby to^femap the defective sector into another sector that is 
- w e t d e fgrtr i wp ■ - 



— 71. The method of claim 70 wherein accessing a 
sector of the memory includes first comparing an address of the 
desired sector with the addresses of defective sectors that are 
stored in the sector defect map, and then either, (a) if the 
desired sector address is not stored in the sector defect map, 
accessing the sector which has the desired yrfcidress, thereby 
leaving the sector addressing undisturbedly the sector defect 
map, or (b) if the desired sector address is stored in the sector 
defect map, accessing the sector that^ is not defective whose 
address is linked therewith in the/sector defect map.— 

— 72. The method of of aim 70 whe^eirr the sector defect 
map is stored in the memory c^ll arra^. — ( / 

— 73. The metho^of cla^^t^wherTai^accessing a 
sector of the memory i suffer formed by thVco^troUer . ~ 

— 74. The.Brethod of claim 70 wherein accessing a 
sector of the memory is performed by the processor.— 

— 75^/ The method of claim 70 wherein identifying when 
a sector becomes defective includes identifying when a sector has 
a number^ defective memory cells therein which exceeds a given 
number 



REMARKS 

This Amendment is being filed prior to an Examiners 
Action in the present continuation application, in order to 
substitute a new set of claims for those originally filed. These 
claims are directed to the feature of defective sector 
substitution that is described on pages 23 and 24, and elsewhere, 
of the present application specification. 

An Information Disclosure Statement, and copies of the 

Serial Ho.: 05/174,768 3 
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references listed therein, are also being filed herewith. 

An early examination and allowance of the present 
application, as amended, is solicited. 



Respectfully submitted, 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, California 94111 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
Attorney for Applicant 

GPP:jmb 

Atty. Docket: HARI-0606 



Serial No.: M/174,768 
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<A IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



itent Application of 
Harari et al. 
Serial No. : 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



Group Art Unit: 2313 



flB*N 0> 



San Francisco, California 



CERTIFICATg nf M^TIrTf^T 

I hereby certify that this correspondence is being 
deposited with the United States Postal Service as first 
class mail in an envelope addressed to: Commissioner of 
Patents and Trademarks, Washington, D.C. 20231 on 
January 5, 1995. 

Lois Simon Petitpas 



- 



Signature 



Date //*/?£ 



Sirj 



SUPPLEMENTAL DISCL OSURE STATEMFMT 



The following Form 1449 and copies of each cited document 
is being filed herewith as a Supplemental Disclosure Statement to 
the Disclosure Statement filed December 22, 1994, submitted for the 
Examiner's consideration. Consideration of each of these documents 
by the Patent Examiner, and the making of each of them of record in 
the file of this application, are respectfully requested. 



Dated: January 5, 1995 



Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
Atcy. Docket: HARI-0606 



Respectfully submitted, 

P P* 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA 94111-4121 
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*uc Am We united states patent and tr ademark office 
v/v.__ -^v . . Group Art Unit: 



In "rir^atjsift Application of 
Eliyahou Harari et al. 
Serial No. : 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 




Hon. Commissioner of 

Patents and Trademarks. 
Washington, D.C. 20231 



JAM £ ;i 1995 

GROUP ?300 

San Francisco, California 



CERTIFICATE OF HMMPC 

X hereby certify that this correspondence It being deposited with the 
United -States Postal Service as first class mail in an envelope 
addressed to: Commissioner of Patents and Trademarks! Washington, 
D.C. 20231 on January 12, 1995. 

Lois Simon Petitpas 
Signature </ Date 



«COND SUPPLEMENTAL PISCLOSURE STATEMENT 



Sir: 



The following Form 1449 and copies of each cited document 
is being filed herewith as a Second Supplemental Disclosure State- 
ment to the Supplemental Disclosure Statement filed on January 5, 
1995 and the Disclosure Statement filed December 22, 1994, 
submitted for the Examiner's consideration. Consideration of each 
of these documents by the Patent Examiner, and the making of each 
of them of record in the file of this application, are respectfully 
requested. 



Dated: January 12, 1995 



Respectfully submitted, 

P P< 



Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
Atty. Docket: HARI-0606 



Gerald P. Parsons, Reg. No. 24,4 86 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA 94111-4121 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
ELIYAHOU HARARI , et ai . 
Serial No. : 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 




Group Art Un 



San trancisco, California 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



CEftTI F1CATE OP EXPRESS H/UUHG UHDF.R S7 CFR 1.10 

I hereby certify that this patent application transmittal and the documents referred to as 
enclosed therein are being deposited with the United States Postal Service as "Express Mail 
Pott Office to Addressee- Nailing Label Number TB©K037635 addressed to: Comnfss loner of 
Patents and Trademarks, Washington, D.C. 20E31 on February 10, 1995. 

•renda J. Oolly 

SiJnTtuTe - J ' ^ 



SECOND PRELIMINARY AMENDMENT 



Sir: 



Piease amend the above-identified patent application, 
prior to a first Examiners Action, as follows: 

? 30134 03/09/95 08174768 ;j- i03 o Clu 10- 1 5£ . ,-.r- 

IN THE SPECIFICATION : ' '"'^ 

In the section entitled "Cross-Reference to Related 
Applications- which was added to page one of the present 
application by the Continuation Application Transmittal filed with 
the application December 29, 1993, please change the following: 

Line 3, replace , -with —5,297, 148 — ; and 

Cancel the entire second o^ragraph, including the list of 
related patents and applications, beginning with -The Following.. - 
and extending through "..Peripheral Card". 
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IN THE CLAIMS: 

Amend claim 70, as follows: 



70. (Amended) A method of operating w computer system 
including a processor and a memory system, vlierein the memory 
system includes an array of non-volatile floating gate memory cells 
partitioned into a plurality of sectors that /individually include 
a distinct group of said array of memory ceftls that are erasable 
together as a unit, [and a controller connecxable to said processor 
for controlling operation of the array,] ^comprising: 

prc-Y^lng said memory arr ay /and a memory controller 

within a card that is removably connect able to the computer system. 
said controller being connectable to s /id processor for controlling 
operation of the array whe n the care/ is connected to the computer 

y identifying when a sector becomes defective , 

iefectf 

. 'Is 

linking with the defective sector* address in trhe defect 
map an address of another sector that is not defective, and 

accessing a sector of the memory system by, when the 
sector being accessed is/def ective , referring to the sector defect 
map to translate the address of the defective sector being accessed 
into an address of another sector that is. not defective,- thereby to 
remap the ^efec^ive sector into another sector that is not 
-de^ectTveT 



N ^ storing an address ot/ the defective sector in a sector 

defect map, 



Add the following new claims: 

— 76. The method according to claim 70, additionally 
comprising storing in individu^ones of said sectors both user 
data and overhead inf ormatio^yr^latelT to either the accessed usable 
sector or the user data storec/ therein. — 

--77. The^^thb^A^cc^rding to claim 76, wherein the 
storing of overhMtfin formation includes storing sector addresses 
in the individual sectors that are related to the addresses of the 
individual sectors in which they are stored. — 
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;laim 76, 



data 



stored in 




or 



-78. The method according to claim 76, wherein the 
storing of overhead^nfoj^^ion injerfudes storing ij/ the individual 
sectors error correction j*5des for user 
rnrr an pmnl i it j ii ^ijuii i nm u^'a^t ^ . 

— 79. A method of operating a computer system including 
a processor and a memory system, wherein the me4ory system includes 
array of non-volatile floating gate memory cells partitioned 
into a plurality of sectors that individually include a distinct 
group of said array of memory cells that are erasable together as 
a unit, comprising: j 

providing said memory array yand a memory controller 
within a card that is removably connectable to the computer system, 
said controller being connectable to said processor for controlling 
operation of the array when the card As connected to the computer 
system, / 

partitioning the memory/ cells within the individual 
sectors into at least a user data portion and an overhead portion, 
detecting a predefined ^ondition when -individual sectors 
become unusable and adding addresses of suc^iinusable sectors to a 
list maintained within the card that liViks su^hTlirilisable sector 
addresses with addresses of other secto rs that are useable, 

causing t.he controller, in response^to receipt from .the 
processor of an address in a format 'designating at least one 
magnetic disk sector, to generate an address of a non-volatile 
memory sector that corresponds to said at least one magnetic disk 
sector, 

accessing a usable sector of the memory system, if the 
sector with the generated address is unusable, by referring to the 
list to translate the/ unusable sector address into an address of 
another sector that ik usable and then accessing that other sector, 

either writing data to, or reading data from, the user 
data portion of the accessed usable sector, and 

either ttfriting to, or reading from, said overhead portion 
of the accessed /usable sector, information related to either the 
accessed usabl/ sector or data stored in the user data portion of 
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inform 



said-accessed "wef irr-secrc-r^ 

— The method according to claim 2*3, wherein the 
detecting of the predefined condition includes detecting when 
individual sectors become defective. — ^ 

The method according to claim ,80*, wherein the 
detecting of when individual sectors become defective includes 
determining when a number of individual defective memory cells 
within a sector exceed a given number. — 

The method according to claim 79*, wherein the user 
data portion of the individual non-volatile memory sectors has a- 
capacity of substantially 512 bytes. — 

« The method according to claim >9', wherein the 
information stored in the overhead portion of the individual 
sectors includes an address of the respective ones of the 
individual sectors. — 

--84. The method accorpU-rrS to claim 79, wherein the 
rt/erhead 



_ rmation stored in the^o^erhead portion of the individual 
sectors includesaj^^erfor correction code for data stored in the 
user da^^cftions of corresponding ones of the individual 
_sjic£prirr- 

~?85. A method of operating a computer system including 
a processor and a memory system, wherein the memory system includes 
■an -array. of -non-volatile floating gate memory cells partitioned 
into a plurality of sectors that individually include a distinct 
group of said array of memory cells that are erasable together as 
a unit, comprising: 

providing said memory array and a memory controller 
within a card that is removably connectable to the computer system, 
said controller being connectable to said processor for controlling 
operation of the array when the card is connected to the computer 
system, 

partitioning the memory cells within the individual 
sectors into at least a user data portion and an o'verhead portion, 

causing the controller, in response to receipt from the 
processor of an address in a format designating at least one 
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magnetic disk sector, to designate an address of at least one non- 
volatile memory sector that corresponds with said at least one 
magnetic disk sector, 

either writing user data to, or reading user data from, 
the user data portion of said at least one non-volatile memory 
sector, and 

either writing to, or reading from, said overhead portion 
of said at least one non-volatile memory sector, overhead data 
related either to said at least one non-volatile memory sector or 
to data stored in the user data portion of said at least one non- 
volatile memory sector. — 

The method of claim fry, wherein the user data 
portion of the individual sectors has a capacity of substantially 
512 bytes.— 

* \& 
— ; The method of claim psr, wherein the overhead data 

stored in said overhead portion of the individual sectors includes 
addresses of the individual sectors.— 
^> —88, The method of claim SS^jteefZin the partitioning 

,*tep includes partitioning thejneow,^ within the individual 

sectors to include an addv«W portion of spare memory cells. « 

— i^'. The method of claim 88, wherein the overhead data 
stored in said overhead portion of the individual sectors includes 
.an -identification of any defective cells within the user data 
portion of. corresponding ones of said sectors, said method 
additionally comprising causing the controller to read the 
identification of defective cells from the overhead portion of said 
addressed at least one non-volatile memory sector and then to 
substitute therefore other cells within the spare cell portion of 
^the addressed at least one non-volatile memory sector.— 

~90. The method of claim 85, additionally-comprising 
fusing the controller to identify and stor^^dd^esses of any 
defective non-volatile memory sectoj^^i^n the array, and, 
wherein the sector addressin^te^ includes, in response to 
designating an address^T defective sector, substituting an 
address of another^a^ctor instead. 
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—yi. The method of claim &5', wherein the individual 
sectors include only one user data portion and only one overhead 
data portion. — 

" 92 ' A ■•»ory system on a card that is co/nectable to 
a host computer system, said memory system comprising: 

an array of non-volatile floating g at 7 memory cells 
partitioned into a plurality of sectors that indi/idually include 
a distinct group of said memory cells that are erasable together as 
a unit, the individual sectors having enough c/lls for storing a 
given amount of user data and overhead data, a£d 

means connectable to said computer Jstem for controlling 
operation of the array, said controlling me/ns including: 

means responsive to receipt of a magnetic disk 
sector address from the hoft computer system for 
addressing a corresponding nonvolatile memory sector, 

means for reading the overhead data stored in the 
addressed sector, and / 

means responsive to /the read overhead data for 
executing an instruction from the host computer system to 
perform a designated one of reading user data from 
. writ i ng ujli aula L o-o^erasing the-addxessed sector:- 
-T#T. The memory system according to claim 32 wherein 
-said, controlling means additionally includes means listing any 
unusable ones of said plurality of non-volatile memory sectors for 
linking said unusable sectors with others of said sectors that are 
usable, and wherein said non-volatile memory sector addressing 
means includes means for accessing linked others of said sectors in 
place of said^ unusable sectors.— 

--SK-. The memory system according to claim & wherein 
*aidgiven amount of user data is substantially 512 bytes. ~ 

' <T "~ 95 " ^ mem ° ry SyStem accordi "g.tO-^«lm 82 wherein 
djagnetic disk sector address incl^e^TTead, cylinder and 

rho ■ „. .~~ 96- ThS nemor y^tir»ccording to claim 82 wherein 
the ind^dual sectors of.th'e memory array additionally have enough 
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cells for providing redundant c.eJL-l-g^in excess of that necessary to 
store said given amouj>fc-6"f user data and said overhead data, said 
controlling meaj^s^^additionally including means for substituting 
redundanj^cells of a sector for any defective cells within the 

J ~&f. The ...emory system according to claim wherein 

said substituting means including means referencing the overhead 
data of an addressed sector for substituting redundant cells within 
the addressed sector. — 



Or 



REMARKS 

This Second Preliminary Amendment is being filed prior to 
an Examiner* s Action in the present continuation application. 
Claims 70-75, added by the first Preliminary Amendment filed on 
December 22, 1994, are being amended in order to keep them within 
the elected group of claims which parent application serial no. 
07/963,838 (now patent no. 5,297,148) pursued. Other claims being 
added by this Amendment are also limited in the same manner. The 
parent application was in turn a division of earlier application 
serial no. 07/337,566, now abandoned. The parent pursued a Group 
IV of claims identified in a Requirement for Restriction dated July 
15, 1991, in the earlier application. A related Group II of claims 
is being pursued in a copending- application serial no. 08/249,049, 
also pending in Group Art Unit 2313. 

A Supplemental Disclosure Statement, and copies of the 
references listed therein, were separately mailed to the Patent and 
Trademark Office, under a Certificate of Mailing, on January 5, 
1995. A Second Supplemental Disclosure Statement, with copies of 
references cited, was similarly mailed on January 12, 1995. 
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An early examination and allowance of the present 
application, as twice preliminarily amended, is solicited. 

Respectfully submitted, 



Dated: February 10, 1995 



Atty. Docket: HARI-0606 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, California 94111 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Group Art Unit: 2313 



In re Patent Application of 



ELIYAHOU HARARI , et al . 
Serial No. : 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



San Francisco, California 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 

CERTIFICATE Of EXPRESS MAILING UNDER 57 CFR 1,10 

t hereby ctrtlfy that thi • patent application transmittal and the documents referred to at 
arc I wed therein are being deposited with the United States Postal Service as "Express Nail 
Pott Office to Addressee** Mailing Label Nutber T86K037633 addressed to: Comnissloner of 
Patents and Trademarks, Washington, D.C. 20231 on February 10, 199S. 

Irende J. Dolly 



TRANSMITTAL OF SECOND PRELIMINARY AMENDMENT 



Sir: 

Transmitted herewith is an amendment in the captioned 
application." A check in the amount of $646.00 is enclosed to cover 
the fee for filing additional claims. 

The Commissioner is hereby authorized to charge any 
additional fees which may be required, or credit any overpayment, 
to Deposit Account No. 13-1030. A duplicate copy of this sheet is 
enclosed. 

Respectfully submitted, 



Dated: February 10, 1995 



Atty. Docket: HARI-0606 

Serial No-: 08/174,768 



xu^/l ft 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, California 94111 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
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UNITED 8TA7w.< DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

OOMMSSChER OF PATENTS AND TRADEMARKS 
Washington. DC 80831 



SERIAL NUMBER 



RUMP DATE 



FIRST NAMED NVENTOR 



I ATTORNEY DOCKET I 



HARAuI 



ilEBERT & H5UE 
CENTER, SUITZ 1450 
\ O^; 11-4121 



EXAMINER 



HUA,L 



ART UNTT | PAPER NUMBER 



2413 
DATE MAILED: 



This it a oommunicttton from the examiner In charge ol your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 



25/13/95 



L^Thto 



application has been examined 



Responsive to cojnmurteatton Itted on. 



/fV ^ O This action ts made final. 



A shc«ened etati/tory period* mwith(s). _£> days from the date of this tetter. 

Failure to reepoftfwtWn the penW^ 35U.S.C.133 

Put I THE FOLLOWING ATTACHMENT(S) ARE PART OF THS ACTION: 

1. Q^NetaclRaierencast^ 
a. QNotJce of Art Cried by Applicant. PTO-1449. 
6. □ Wbrmatton on How to Effect Drawing Changes. PTO-1474. 



2. LaNottoe o! Draftsman's Patent Drawing Review. PTO-948. 
4. C Notice of Informal Patent Application, PTO-152. 

e. □ ■ 



UXU MMMARY 



OF ACTION 



_ ere pending In the application. 



adieabove.oiaJms 



_ are withdrawn trom oonatteratton. 
have been oanoe&ed. 



l&0 



_ are objected to. 



_ art subject to restriction or election requirement. 



S.O Claims. 

6. □ Cjajiw 

7. HrNe appflcattori has been filed with Informal drawings under 37 C:F.R. 1 .85 which are acceptable tor examination purposes. 
». Q Forma) drawings are required tn response to this Office acton. 

9. n The correc te d or substitute drawings have been received on _ 



Under 37 C.F.fl. 1.64 these drawings 



are □ acceptable; □ not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948). 

. has (have) been □ approved by the 



10. 0 The proposed additional or substitute sheeUs) of drawings. fUed on 
examiner; □ disapproved by the examiner (see explanation). 



The proposed drawing correction, filed _ 



has been □ approved: O disapproved (see explanation). 



12. 0 Acknowledgement is made of the daim for priority under 35 U.S.C. 1 19. The certified copy has O been received □ not been received 
D been flied in parent application, serial no. : filed on . 

13. Q Since this application apppears to be in condition tor allowance except for formal matters, prosecution as to the merits is closed in 

accordance wtth the practice under Ex parte Ouayte. 1935 CD. 11;453 0.G. 213. 

14. □ Other 
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1. Claims 64-£? are rejected under 35 U.S.C. § 112, fourth 
paragraph, as being of improper dependent form for failing to 
further limit the subject matter of a previous claim. 

As per claims 64-69: 

These dependent claims refer to the memory system card which 
is not the invention set forth in parent claim 63. Notice that 
the parent claim claims a memory system, not the memory system 
card. 

2. Claim 67 is rejected under 35 U.S.C. § 112, second 
paragraph, as being indefinite for failing to particularly point 
out and distinctly claim the subject matter which applicant 
regards as the invention. 

As per claim 67: 

A lines 1-2, the phrase "said memory card" lacks antecedent 
basis . 



rhP hI5?c f ?ii°?M 9 w S a ^ U0tatl0n of 35 U.S.C. § 103 which forms 
the basis for all obviousness rejections set forth m uhis Office 
act ion : 

A patent may not be obtained though the invention is not 
in5 n «i C fi- y dis ? losed or described as set forth in section 
102 of this title, if the differences between the subject 

thP ^hw? C t0 be P acei1ted ar ' d the prior art are such that 
the subject matter as a whole would have been obvious at t*e 
time t..e invention was made co a person having ordinary 

l=ioi^K ? ne ar ' which said reject matter pertains! 
Patentability snail not be negatived by the manner in which 
the invention was made. 
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Subject matter developed by another person, which qualifies 
as prior art only under subsection (f) or (g) of section 102 
of this title, shall not preclude patentability under this 
section where the subject matter and the claimed invention 
were, at the time the invention was made, owned by the same 
person or subject to an obligation of assignment to the same 
person. 

li 

4. Claim 63-J^are rejected under 35 U.S.C. § 103 as being 
unpatentable over Nozawa et al. (4,525,839, hereafter referred to 
as Nozawa) . 
As per claim 63: 

Nozawa -discloses the feature of defective sector 
substitution in* a memory system substantially as claimed. 
Nozawa' s memory system is connectable to a computer system and 
comprises : 

an array (elements 11T and 13T and the sectors therein) 
of non-volatile memory cells partitioned into a plurality of 
sectors ( n, n+1, n+2, n+3, sectors N, N+l, N+2, N+3, 

...) and that individually include a distinct group of the 
array of memory cells; 

means (elements 60 and 70) for controlling operation of 
the array; 

means (pointers 23a) for linking any defective ones of 
the plurality of sectors to others of the sectors; and 

means (elements 50, 51, 61, 64, 63, 71, 76 and 77; see 
also step 130 shown in figure 6 or step 222 of figure 8; and 
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column 14, lines 24) for accessing linked others of the 

sectors in place of the defective sectors. 
However, Nozawa does not teach that his memory system cells are 
of floating gate type. But Nozawa teaches that -his system is of 
disk drive storage system type. 

It would have been obvious to an artisan at the time the 
invention was made to apply Nozawa' s feature of defective sector 
substitution into a memory system of floating gate type. 

The artisan would have been motivated to apply Nozawa* s 
feature into a floating gate memory system of because the group 
of floating gate memory cells in the floating gate memory system 
are prone to be defective and different features of defective 
memory area substitution have been used for replacing a defective 
-memory cells in the floating gate memory. with an alternate memory 
area. " 



AS 


per claim 64: 








Nozawa's linking means (23a] 


1 is stored 


in the array. 


AS 


per claim 65: 








Nozawa's accessing means is 


within the 


controller (elements 


60 


and 70) . 






As 


per claim 66: 







Nozawa teaches that his memory system is accessible by read 
and write commands issued by channel 51 which is understood to be 
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connected to the processor to which the memory system is 

connected. 

As per claim 67: 

Nozawa teaches that his feature can be applied to a 
recording system where the data is processed as a block and that 
the recording medium is of disk type. (Column 7, lines 55-59). 
As per claim 68: 

Nozawa's sector linking means is a list of defect pointers 
which map defective sectors into one of the others of the 
sectors, <6ee column 3, line 22, to column 4, line 34). 
As per claim 69: 

The means for adding a defect pointer to a list for mapping 
a particular sector into another sector is inherent in the systei 
of -Nozawa^ in order- for the system of Nozawa to record (into 
pointer section 23a) the sector position of the sector which has 
been too many number of defective cells such that the read error 
cannot be corrected by the error correction code. (See column 3, 
lines 55-59) . 
As per claims 7Q and 71; 

Nozawa discloses ' the invention substantially as claimed. 
Nozawa's teaches a method of operating' a computer system, more 
specifically a method of re-mapping defective memory sector. 
Nozawa's method comprises the step of: 
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providing an array (elements 11T and 13T and the 
sectors therein) of non-volatile memory cells partitioned 

into a plurality of sectors ( n, n+1, .n+2, n+3, ; sector 

N, N+1, N+2, N+3, ...) and that individually include a 
distinct group of the array of memory cells; 

providing means (elements 60 and 70) for controlling 
operation of the arrays- 
identifying when a sector becomes defective (column 3, 
lines 55-59) 

linking by the means (pointers 23a) for linking any 
defective ones of the plurality of sectors to others of the 
sectors ; and 

accessing by the means -{elements 50, 51, 61, 64, 63, 

w 

71, 76 and 77; see also step 130 shown in figure 6 or step 
222 of figure 8; and column 14, lines 24) for accessing 
linked others of the sectors in place of the defective 
sectors . 

However, Nozawa does not teach that his memory system cells are 
of floating gate type. But Nozawa teaches that his system is of 
disk drive storage system type. 

It would have been obvious to an artisan at the time the 
invention was made to apply Nozawa ' s feature of defective sector 
substitution into a memory system of floating gate type. 



SAN0O0797 



Serial Number: 08/174,768 
Art Unit: 2413 



-7- 



The artisan would have been motivated to apply Nozawa's 
feature into a floating gate memory system of because the group 
of floating gate memory cells in the floating gate memory system 
are prone to be defective and different features of defective 
memory area substitution havp been used for replacing a defective 
memory cells in the floating gate memory with an alternate memory 
area. 

As per claim 72: 

Nozawa ! s linking means (23a) is stored in the array. 
As per claim 73: 

Nozawa's accessing means is within the controller (elements 
60 and 70} . 
As per claim 74 : 

w 

Nozawa teaches that his memory system is accessible by read 
and write commands issued by .-hannel 51 which is understood to be 
connected to the processor to which the memory system is 
connected . 
As per claim "5: 

Identifying wher. a sector becomes detective by referencing 
to the number of defective ceils such that the read error cannot 
be corrected by the error correction code is taught by Nozawa 
' see column ], lines 55-59). 
As per cla i .~. " z : 



SAN00O798 



Serial Number: 08/174,768 
Arc Unit: 2413 



Nozawa teaches the storing of user data. The storing of 
overhead information would have been obvious to an artisan 
because Nozawa teaches storing information and overhead 
information is information which 'can be stored. The artisan 
would have been motivated to store the overhead information 
because the overhead information is informative. 
As per claim 77: 

Nozawa teaches the storing sector addresses in the 
individual sectors . 
As pgr claim 78: 

Nozawa teaches the storing of error correction codes. 

5. The prior art made of record and not relied upon is 
considered pertinent to applicant's disclosure. 

6. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Lv V Hua 
whose telephone number is (703) 305-9684. 

Any inquiry of a general nature or relating to the status of 
tnis application should be directed to the Group receptionist 
whose telephone number is (703) 305-9600 



1. Hua 

#?rii 14, 1 9 9 f 




BERT W. &EAUSOLEL JR 
SUPERVISORY PATENT OWNER 
GROUP 2400 
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13-1030 030 103 

13-1030 030 104 

AMENDMENT 



246.00CH 
*240.00CH 



Sir: 



In response to the Examiner's Action dated May 18, 1995, 
please amend the above-identified patent application, as follows: 

TN THE SPECIFICATION : 

In the "Cross-Reference to Related Applications" section 
added to page one by the Continuation Application Transmittal 

herein, substitute --5,297,148,— for "_, , , M on line 3, and 

strike the entire second paragraph beginning with "The following 
related patents" at line 6 and ending with "Peripheral Card" on 
'line 44. 
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IN THE ClAIMg: f 

Cancel claims 63-78, without prejudice. 




(Amended) A method of operating a computer system 



including a processor and a memory system, wherein the memory 
system includes an array of non-volatile floating gate memory cells 
partitioned into a plurality of sectors that individually include 
a distinct group of said array of memory cells that are erasable 
together as a unit, comprising: 

providing said memory array and a memory controller 
within a card that is removably connectable to the computer system, 
said controller being connectable to said processor for controlling 
operation of the array when the card is connected to the computer 
system, 

partitioning the memory cells within the individual 
sectors into at least a user data portion and an overhead portion, 

detecting a predefined condition when individual sectors 
become unusable and [adding addresses of such unusable sectors to 
a list maintained within the card that links] linking the addresses 
of such unusable sectors [addresses] with addresses of other 
sectors that are useable, 

causing the controller, in response to receipt from the 
processor of an address in a format designating at least one 
magnetic disk sector, to generate an address of a non-volatile 
memory sector that corresponds to said at least one magnetic disk 
sector, 

accessing a usable sector of the memory system, if the 
sector with the generated address is unusable, by referring to the 
[list to translate the unusable sector address into an address of] 

SAN00O8O7 



linked address of another sector that is usable and then accessing 
that other sector, 

either writing data to, or reading data from, the user 
data portion of the accessed usable sector, and 
, either writing to, or reading from, said overhead portion 

of the accessed usable sector, information related to either the 
accessed usable sector or data stored in the user data portion of 
said accessed useful sector. 

(Amended) The method of claim X §€, wherein [the] 
/y partitioning [step] the memory cells includes partitioning [the] 
^) said memory cells within the individual sectors to include an 
additional -portion of spare memory cells. 

(Amended) The method of claim ; >5^ additionally 
comprising causing the controller to identify and store addresses 
of any defective non-volatile memory sectors within the array, and, 
• ( wherein [the sector addressing step] designating an address of a 
AfJ sector includes, in response to designating an address of a 
defective sector, substituting an address of another sector 
instead . 



(Amended) A memory system on a carji^€hat is 
<V^*C^nnectable to a host computer system, sa><r*rnemory system 
^ / comprising: 

an array of non-volati>e^ floating gate memory cells 
■ *| partitioned into a plurality^df sectors that individually include 
J a distinct group of said^tfemory cells that are erasable together as 
a unit, the individual sectors having enough cells for storing a 
given amount of/user data and overhead data, and 
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means connectable to said computer system tov controlling 
operation of the array, said controlling means including: 

means responsive to receipt jgZ a magnetic disk 
sector address from the host< computer system for 
addressing a corresponding norn-volatile memory sector, 

means for reading tl)£ overhead data stored in the 
addressed sector, and 

means responsive to the read overhead data for 
executing an instruction from the host computer system to 
perform a designated one of reading user data from, ox 



writing user data to^. [or erasing] the addressed sector. 
^>5? (Amended) The memory system according to claim [82] 



wherein said magnetic disk sector address includes* a head, 
cylinder and sector. 

(Amended) The memory system according to claim [82] 

\1 

y£ wherein the individual sectors of the memory array additionally 
^ have enough cells for providing redundant cells in excess of that 
^' necessary to store said given amount of user data and said overhead 

data, said controlling means additionally including means for 
substituting redundant cells of a sector for any defective cells 
within the sector. 



Add the following new claims: 

The method according to claim ^wherein linking 
the address of unusable sectors with sectors that are useable 
includes maintaining a list within the card that links such 
unusable sectors with addresses of corresponding ones of the other 
sectors that are useable, and wherein accessing a usable sector 

S«r He . : 01/ 1 74 , 7«! -4 - 
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includes referring to the list to translate the address of the 
unusable sector into an address of a usable sector. — 

-pSVr The method according to claim ^-S^wherein linking 
the address of such unusable sectors includes storing within 
individual ones of the defective sectors addresses of corresponding 
useable sectors, and wherein accessing a usable sector 
corresponding to an unusable sector includes referring to the 
useable sector address stored in the unusable sector. — 

— 100. The method of claim 85, additionally comprising 
causing the controller to identify any defective nonvolatile 
memory sectors within the array and storing within/ any of said 
defective sectors addresses of corresponding ones ot other sectors, 
and, wherein designating an address of a sector includes, in 
response to designating an address of a defective sector, reading 
the address in the defective sector of said corresponding other 
sector and then accessing data within sych other sector instead of 
data within the defective sector. -- 

— 101. A method of operating a compute/ system including 
a processor and a memory system/ comprising: 

providing said memdry system as af module that that is 
connectable to the computer/ system and whicqijic-iudes an array of 
non-volatile floating qete memory cells partitioned into a 
plurality of sectors /of cells that are individually erasable 
together as a unit, 

partitioning the memory cells within the individual 
sectors into ay/ least a user data portion and an overhead data 
poxtionT"' /' 
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in response to receipt from the processor Jot an address 
of at least one mass memory storage block, designating an address 
of at least one of said non-volatile memory sectors, 

either wri.ing user data to, or reading user data from, 
the user data portion of said at least ox\f non-volatile memory 
sector, 

either writing overhead data to/ or reading overhead data 
from, said overhead portion of said/at least one non-volatile 
memory sector, said overhead data baing related either to said at 
least one non-volatile memory sectof or to data stored in the user 
data portion of said at least ovA non-volatile memory sector, and 
the memory cells of s4id at least one non-volatile memory 
sector having been erased together as a unit prior to writing user 
data or overhead data ther/in. — 

— 102. The method according tp^cl aim 101, wherein 
designating an address eft at least one of /aid non-volatile memory 
sectors includes u-s^/bf-a controller tj&t is provided as part of 
said module. -- 

--103. /The method according to claim 101, wherein the 
overhead data w/itten to the overhead data portion of the non- 
volatile memory sectors includes addresses of the individual 
sectors in wt/ich the addresses are stored.— 

--104. The method according to claim 101, wherein the 
overhead ^/ata written to the overhead data portion of the non- 
volatile' memory sectors includes error correction codes for data 
stored,' in corresponding user data portions of the individual 
sectors . -- 



Serial No.: re/17*. 7te 
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--105. The method according to claim 101, wherein the 
overhead data written to the overhead data portion oi individual 
ones of the non-volatile memory sectors includes, i/ a case where 
the a sector is unusable, an address of a usable sector as a 
substitute for the unusable sector. — 

106. The method according to cla/m 101, additionally 

comprising: 

identifying when individual orfes of the non-volatile 
memory sectors become unusable, 

linking the addresses of /the unusable sectors with 
addresses of sectors that are useable, and 

accessing a non-volatiie memory sector by, when the 
sector being accessed is unusabl4, referring to the linked address 
of a sector that is useable, /hereby to remap the unusable sector 
into another sector that if useable. -- 

~107. The method according to claim 106, wherein 
linking the address of unusable sectors with sectors that are 
useable includes mainlining a^TwlThin the module that links 
such unusable secto/s with aJd^ses of corresponding ones of the 
other sectors that are useab^Xnd wherein accessing a sector 
includes referring to the A^C to translate the address of the 
unusable sector 7 into an addUs^W^re spending usable sector — 
--/08. The method according to claim 106 wherein linking 
the address/of such unusable sectors includes storing addresses of 
corresponding useable sectors within the overhead portion of 
individual ones of the unusable sectors, and wherein accessing a 
usable sector includes referring to the useable sector address 
stored in the unusable sector overhead portion.— 

S trial No.: OB/; 74, 768 - 7 - 
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— 109. The method according to any one of claims 106-108 
wherein a non-volatile memory sector is identified tpr be unusable 
when it becomes defective. — 

— 110. The method according to any or/e of claims 101- 
108, wherein the user data portion of the indiv/dual sectors has a 
capacity of substantially 512 bytes. — 

— 111. The method according to artfy one of claims 101-108 
wherein causing the controller to designa/e an address of at least 
one of said non-volatile memory sectors includes designating a 
unique sector address for individual ones of the mass memory 
storage block addresses received ftfom the processor.— 

— 112. The method according to claim 101, wherein 
partitioning of the memory cell/ includes par^^tTioning the memory 
cells within the individual /sectors^£V include an additional 
portion of spare memory eel 1^ . -- / 

--113. The method according to cla^Tm 101, wherein the 
overhead data stored in s'aid overhead ^portion of the individual 
sectors includes an identification/of any defective cells within 
the user data portion oft correspond rAg^anAs^of^ said sectors, said 
method additionally comprising causing the controller to read the 
identification of deflective cells from the overhead portion of said 
addressed at least/ one non-volatile memory sector and then to 

/ 

substitute therefore other cells within the spare cell portion of 
said addressed at least one non-volatile memory sector. — 

--114. The method according to claim 101, additionally 
comprising causing the controller to identify and store addresses 
of any defective non-volatile memory sectors within the module, and 

wherein designating an address of at least one of said non-volatile 

/ 

S»ri*l NO. : Otf*' 1 7 4 . US -8 - 
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memory sectors includes, in response to designating an atidress of 
a defective sector, substituting an address of ano^ner sector 
instead. — 

— 115. The method according to clainf 114 wherein 
identifying when a sector becomes defective includes identifying 
when a sector has a number of defective memory ce/ls therein which 

j^pfc y< — 116 • A memory system unit having electrical 
terminations for establishing a connection with a hoyt computer 
system, said memory system comprising: 

an array of non-volatile floating gat/ memory cells 
partitioned into a plurality of sectors that individually include 
a distinct group of said memory cells that are e/asable together as 
a unit, the individual sectors having enough/cells for storing a 
given amount of user data and some overhead/ data, and 

a memory controller connected /between said electrical 
terminations and said memory cell arra\r for controlling operation 
of the array, said controller including: 

means responsive to/ receipt of one or more mass 
memory storage block addresses through said terminations 
for addressing one ot more of the non-volatile memory 
sectors, said addre/sing means including means responsive 
to an identification of any of the non-volatile memory 
sectors that ar/ unusable for substituting another usable 
sector therefor, 

means /for reading overhead data stored in the 
addressed/ sector, and 
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means responsive to tjid-^fead overhead data for 
either reading user^arfa f rom, or writing user data to, 

^h? * 1 ■■' — 

— ±¥f*. The memory system according to claim JAr6 wherein 
the identification of any unusable sectors includes a list 
maintained within the memory system unit that links addresses of 
unusable sectors with corresponding usable sectors. — 

— J^r0\ The memory system according to claim Jktt wherein 
the identification of any unusable sectors includes a record of 
individual addresses of substitute usable sectors stored as part of 
the overhead data in respective ones of the unusable sectors. — 

3 P£ — The memory system according to any one of claims 
}x€~M& wherein the identification of any unusable sectors includes 
inoperable or defective sectors. — 

— >2tT. The memory system according to any one of claims 
wherein the identification of any unusable sectors includes 
sectors that contain a number of defective cells in excess of a 
preset number. — _ 

— The memory system according to claim JJr6* wherein 

said individual non-volatile memory sectors additionally have 

redundant memory cells in excess of that necessary to store said 

given amount of user data and said overhead data, said controller 

additionally including means for substituting redundant memory 

cells of an individual sector for defective memory cells within the 

individual sector . — 

3/ a 3 
— The memory system according to claim J^rC^ wherein 

the overhead data reading means includes means for reading from the 

overhead data of an addressed sector an address of that sector, and 

Scrlftl NO.: OB/ 1 7 4, 76B -10* 

SAN000815 



wherein the controller additionally includes means for comparing 
the read overhead data address with the address of the sector, 
thereby to confirm that the desired sector has been addressed. — 

_ . — X2r5\ The memory system according to any one of claims 
j>ff-J^e, J^-T and ^^wherein the given amount of user data that is 
storable in individual sectors is substantially equal to a size of 
individual mass memory storage blocks of the host computer system, 
and wherein the addressing means maps addresses of individual ones 
of the mass memory storage blocks into unique individual ones of 
the non-volatile memory sectors. — 

3* Ti*- Tne memory system according to any one of claims 

wherein said given amount of user data is substantially 
equal to ,512 bytes. — 

— jr£5. The memory system according to any one of claims 
J^6-i-MT wherein said controller additionally includes means for 
selecting a plurality of sectors for an erase operation, and means 
for simultaneously performing an- erase operation on only the 
selected plurality of sectors. -- 

— i>6" The memory system according to any one of claims 

Xi^-JrtS, and wherein said memory system unit is implemented 

on a single printed circuit card. — 
-3*/ 

— >2T. The memory system according to any one of claims 
23-^3 10 71 

MrG-lrtt, and 0-2-2 wherein the one or more mass memory storage 

block addresses to which the controller addressing means is 
responsive consists of one or more magnetic disk sector addresses. 
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REMARKS 

The undersigned attorney appreciates the telephone 
interview granted by Examiner Hua on May 25, 1995, in order to 
clear up some inconsistencies in the outstanding Examiner's Action 
dated May 18, 1995. it was concluded that the summary designations 
of allowed and rejected claims in the cover sheet (line 3), page 2 
(line 1) and page 3 {first line of para. 4) are in error. The 
correct status is as follows: Claims 79-97 stand allowed, claims 
64-69 were rejected under 35 U.S.C. 112, and claims 63-78 were 
rejected under 35 U.S.C. 103 over the Nozawa et ai. patent no. 
4,525,839. It is with this understanding of the Examiner's Action 
that this responsive Amendment has been prepared and is being 
filed. 

All of the rejected claims 63-78 are being cancelled 
without prejudice. The allowance of claims 79-97 is appreciated. 
Upon -further review of the allowed claims, certain amendments to 
them have appeared to be desirable. Independent claim 79 is being 
amended to more generically describe the techniques disclosed in 
the present application for linking addresses of usable and 
unusable sectors, and then dependent claims 98 and 99 are being 
added to define two of those techniques. Editorial changes are 
being made to dependent claims 88 and 90. The amendment to allowed 
independent claim 92 eliminates reference to an erasing operation. 
It is expected that these few minor changes will not require 
reconsideration of the allowed claims. 

In addition to new dependent claims 98 and 99, mentioned 
above, claims 100-127 are being added by this amendment. Claim 100 
is dependent upon allowed independent claim 85, which is not being 
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amended- in any way. Method claim 101 is one of only two 
independent claims being added, system claim 116 being the other. 
Claim 101 is similar to allowed claim 85 but is has a somewhat 
different scope. In a similar way, new independent system claim 
116 corresponds to allowed claim 92. Since the essential novel 
features of the allowed claims are retained in new claims 101 and 
116, they, and their dependent claims 102-115 and 117-127, are 
submitted to be allowable. 

A Third Supplemental disclosure Statement is being filed 
with this Amendment. 

An early formal allowance of this application is 
solicited. However, if the Examiner has any further matters which 
require resolution, he is invited to telephone the undersigned 
attorney in order that they may be resolved as expeditiously as 
possible . 



Respectfully submitted, 



Dated: July 25, 1995 




Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 14 50 
San Francisco, California 94111 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
Attorney for Applicant 



Atty . Docket: HARI-0606 



Serial No. : 08/ : U , Itt 



-13- 



SAN000818 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 

ELIYAHOU HARARI et al. 
Serial No. : 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Group Art Unit: 2413 
Examiner: L . Hua 



San Francisco, California 




Hon. Commissioner of ' 

Patents and Trademarks 
Washington, D.C. 20231 



SERTiriCATt Qp HAVING 



Z baraoy certify that thia corraapondanea i» bainq dapoaltad with tha Unltad 
Statai postal Sarvica at (lrat data Kail in an anvalopt addrasaad tCJi 
Coulnlonar of Patanta and Tradanarka, Washington, D.C. 20231 on July 



Brand* J. Dolly 



IgryTtura 7 & Data 



AMENDMENT TRANSMITTAL 



Sir: 



Transmitted herewith is an amendment in the captioned 
application . 

A check in the amount of $766.00 is enclosed to cover the 
fee for filing additional claims. 

Enclosed is a Third Supplemental Information Disclosure 
Statement, PTO 1449 with references, to be made of record in the 
above-referenced file. Also enclosed is a check in the amount of 
S210 to cover the filing fee. 

The Commissioner is hereby autiSbii2&^;& - ?pfiafge any 
additional fees which may be required, or credit any overpayment, 
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to Deposit Account No. 13-1030. A duplicate copy of this sheet is 
enclosed. 



Respectfully submitted, 



Dated: July 25, 1995 



Atty. Docket: HARI-0606 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA 94111-4121 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
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132 ASr *J IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

gflKlt&W atent Application of 
ELIYAH0U HARARI et al. 
Serial No. : 08/174,768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Group Art Unit: 
Examiner: L . H&a 



San Francisco, California 



Hon. Conunissioner of 

Patents and Trademarks 
Washington, D.C . 20231 



SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 



Sir: 

.The following Form 1449 and copies of each cited 'document 
is being filed herewith as a Supplemental Information Disclosure 
Statement submitted for the Examiner's consideration. 
Consideration of each of these documents by the Patent Examiner, 
and the making of each of them of record in the file of this 
application, are respectfully requested. 

I hereby certify that no item of information contained in 
this information disclosure statement was cited in a communication 
from a foreign patent office in a counterpart foreign application 
or, to the knowledge of the person signing the certification after 
making reasonable inquiry, was known to any individual designated 
in §1. 56(c) more than three months prior to the filing of this 
statement , 

Respectfully submitted, 



Dated: September 14, 1995 



Atty. Docket: HARI-0606 



herald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA. 94111-4121 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
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IN THE UNITED STATES PATENT AND T RADEMARK OFFICE 



In re Patent Application of 
ELIYAHOU HARARI et al. 
Serial No. ; 08/174, 768 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



Group Art Unit: 2^1 3 
Examiner: L. Hua f 



i-4 pi 
— o 

o pi 



- r. r n 



San Francisco, California 



SUPPLEME NTAL INFORMATION DISCLOSURE STATEMENT 

Sir: 

The following Form 144 9 and copies of each cited document 
is being filed herewith as a Supplemental Information Disclosure 
Statement submitted for the Examiner's consideration. 
Consideration of each of these documents by the Patent Examiner, 
and the making of each of them of record in the file of this 
application, are respectfully requested. 

In a Third Supplemental Disclosure Statement, filed July 
28, 1995, a complete (35 pages of text and Figures 1-8) copy of 
Australian patent application no. 22536/83 of Kevin John Burke, 
published under no. A557,723, was filed. However, it was 
referenced on the form PTO 1449 only as an "AU Patent Abridgement," 
the caption of a one-page abstract that was also filed with the 
complete patent application. Consideration of the full patent 
application, and the making it of record, are respectfully 
requested . 
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I hereby certify that no item of information contained in 
this information disclosure statement was cited in a communication 
from a foreign patent office in a counterpart foreign application 
or, to the knowledge of the person signing the certification after 
making reasonable inquiry, was known to any individual designated 
in 51.56(c) more than three months prior to the filing of this 
statement. 

Respectfully submitted, 



Dated: October 6, 1995 



Atty. Docket: HARi-0606 



Gerald P. Parsons/ Reg, No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA, 94111-4121 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
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UNITED STAY** DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, Q.C. S0S31 



I SERIAL NUMBER I FILING DATE 



FIRST NAMED INVENTOR 



I ATTORNEY DOCKET NO. 



08/174,768 12/29/93 HARARI 



24M1/1207 

GERALD P. PARSONS 

MAJESTIC, PARSONS , SIEBERT & HSUE 
FOUR EMBARCADERO CENTER, SUITE 1450 
SAN FRANCISCO, CA 94111-4121 



This Is a communication from me examiner In charge of your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 



HARI0606 



1 H U A .L 



EXAMMER 



ART UMTT 



PAPER NUMBER 



2413 
DATE MAILED: 



13 



9^ '*' r 

Ld This application has been examined Ud Responsive to communication filed on This action is made final. 



A shortened statutory period tor response to this action is set to expire . 



_ month(s), , 



„ days from the date of this letter. 



Failure to respond wfthfn the period for response wilt cause the application to become abandoned. 35 U.S.C. 133 
Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF TWJS ACTION: 

1. Qj4c^ of References Crted by Examiner. PTO-892. 
3. ©Notice of Art Ctted by Applicant, PTO-1449. 
5. O Information on How to Effect Drawing Changes. PTO-1474- 



2. □ Notice of Draftsman's Patent Drawing Review, PTO-946. 
4, □ Notice of IrtformaJ Patent Application. PTO-152. 
e. □ 



Pafin SUMMARY OF ACTION 

f'cialms.. 



i.GJc 



Oftfi 


» above, dalms 


am ■ 


2.Gaalm8 


/ - 7* 




3. □ Claims 


4. Pfciaims 






5. CD Claims 



am pending In the application. 



have been cancelled. 



«* objected to. 



6. □ Claims. 

7. H This app 



„ are subject to restriction or election requirement. 



I This application has been filed with informal drawings under 37 C.F.R. 1 .85 which are acceptable tor examination purposes. 

8. C] Formal drawings are required in response to this Office action. 

9. O The corrected or substitute drawings have been received on . Under 37 C.F.R. 1 .84 these drawings 

are □ acceptable; □ not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948). 

. has (have) been □ approved by the 



10. CD The proposed additional or substitute sheet(s) of drawings, filed on 
examiner; □ disapproved by the examiner (see explanation). 



proposed drawing correction, filed . 



, has been Q approved; □ disapproved (see explanation). 



11. □ The 

12. D Acknowledgement is made of the claim tor priority under 35 U.S.C. 119. The certified copy has □ been received □ not been received 

□ been tiled in parent application, serial no. ; filed on . 

13. O Since this application apppears to be in condition tor allowance except for formal matters, prosecution as to the merits is closed in 

accordance with the practice under Ex pane Quayle, 1935 CD. 11:453 O.G. 213. 

14. □ Other 
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1. Claims 101-115 and 116-127 are rejected under 35 U.S.C. § 112, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

As per claim 101-115: 

At line 3, claim 101, the word "that" is repeated. 

At line 13, claim 101, the phrase "said non-volatile memory sectors" lacks antecedent 

basis. 

As per claim 105: 

The phrase "the a" is not idiomatic. 
As per claim 113: 

The phrase "the spare cells portion" lacks antecedent basis. 
As per claim 116-127: 

At line 3, claim 116, the phrase "said memory system" lacks antecedent basis. 

2. The above rationales for the rejection under 35 U.S.C. 112, second paragraph, are 
only exemplary examples indicating that the claims contain problems of indefiniteness. The 
Applicant is, hereby, requested to review each of the pending claims and correct all indefinite 
problems if found. 

3. The following is a quotation of 35 U.S.C. § 103 which forms the basis for all 
obviousness rejections set forth in this Office action: 

A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having 
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ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under 
subsection (f) or (g) of section 102 of this title, shall not preclude patentability under 
this section where the subject matter and the claimed invention were, at the time the 
invention was made, owned by the same person or subject to an obligation of 
assignment to the same person. 

4. Claims 85, 91, 101, 102 and 111 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Burke (AU-B-22536/83) in view of Yorimoto et al (0-220-718 hereinafter 
referred to as Yorimoto). 
As perdalms 85. 91. 101. 102 and 111: 

Burke teaches a computer system including (1) a processor and (2) a memory system. 
Burke's memory system includes an array of cells which are inherently partitioned into a 
plurality of sectors because Burke's array is to "emulate" a magnetic disk which has sectors. 
To operate his computer system, Burke provides the array, and a controller. Burke's 
controller is within a board and is for controlling the operation of the array. Burke's controller 
is caused, when it receives from the processor an address designating a sector of the 
magnetic disk. Burke's cells are written with information. 

Yorimoto teaches partitioning the cells with a sector into portions, each portion is for 
storing a specific type of information. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use Yorimoto's memory (of EE PROM type) and Yorimoto's memory 
cells partitioning in place of Burke's memory. 

The artisan would have been motivated to use Yorimoto's EEPROM in the place of 
Burke's memory because Yorimoto's EEPROM can be partitioned into sectors and Burke's 
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emulation inherently suggests that the emulating memory should be able to emulate the 
sectors of Burke's magnetic disk. 

5. Claims 79-84, 86-90, 98-100, 103-105, 107-110, 112-115 are rejected under 35 U.S.C. 
§ 103 as being unpatentable over Burke (AU-B-22536/83) in view of Yorimoto et al (0-220-718 
hereinafter referred to as Yorimoto) and Satoh et al (4,774,700 hereinafter referred to as 
Satoh). 

As per claim 79: 

Burke teaches a computer system including (1) a processor and (2) a memory system. 
Burke's memory system includes an array of cells which are inherently partitioned into a 
plurality of sectors because Burke's array is to "emulate" a magnetic disk which has sectors. 
To operate his computer system, Burke provides the array, and a controller, Burke's controller 
is within a board and is for controlling the operation of the array. Burke's controller is caused, 
when it receives from the processor an address designating a sector of the magnetic disk. 
Burke's cells are written with information. 

Yorimoto teaches partitioning the cells with a sector into portions, each portion is for 
storing a specific type of information. 

Satoh teaches replacing of defective sector with usable sector, Satoh's sector 
replacing operation includes detecting of an unusable sector, linking the address of the 
unusable sector with the address of the usable sector, and accessing the usable sector. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use Yorimoto's memory (of EEPROM type) and Yorimoto's memory 
cells partitioning in place of Burke's memory and to apply Satoh's operation of sector replacing 
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to replace defective sector in Yorimoto's memory which has been used in the replace Burke's 
memory. 

The artisan would have been motivated to use Yorimoto's EEPROM in the place of 
Burke's memory because Yorimoto's EEPROM can be partitioned into sectors and Burke's 
emulation inherently suggests that the emulating memory should be able to emulate the 
sectors of Burke's magnetic disk. The artisan would have also been motivated to use Satoh's 
operation of replacing defective sector in the modified memory system of Burke because the 
EEPROM replacing Burke's memory is prone to be defective and because Satoh's operation 
enhances fault tolerance. 
A» per claims 60 and 109; 

Satoh teaches detecting a condition when a sector become defective. 
As per claims 83. 87. 84. 103. 104 and 105: 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made realize that addresses of defective sectors, error correction code and 
addresses of substitute sectors are information which can be written into (or read from) the 
overhead portions of a memory device. 
As per claims 88 and 112: 

Satoh's cells which are used for replacing his defective sectors are spare cells. 
As per claims 82, 86 and 110: 

The size of 512-bytes, which is took as a given amount of user data, is of obvious 
design choice. 
As per claim 81 and 115: 
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Official notice is, hereby, taken that it is notoriously old and well known in the art to 
identify a bad group of cells, when the number of defective memory cells within the group of 
cells is greater than a preset number and the number of bit errors in the group of cells is 
beyond the capability of correcting by using error correction code, so that this group of cells 
can be replaced with an alternative group of cells. 
As per daims 89. 98 99, go, mn in* 107, 1QB 113 anri 

Official notice is, hereby taken that: 

a. linking the address of unusable sector with address of useable sector by storing 
address of corresponding useable sector, 

b. identifying defective sector and storing addresses of defective sector, and 

c including, as overhead data, an identification of defective cells within the user 
data portion; and 

d. . accessing a usable sector by (%) referring to the useable sector address stored 

in the unusable sector and (2) referring to the list to translate the address of the 
unusable sector into an address of a usable sector, 

e. causing the controller (1) to read the identification of defective cells and then 
(2) to substitute therefore other cells within the spare cell portion, and 

f. designating an address of a sector by (1) substituting an address of another 
sector and (2) reading the address of a corresponding sector and then 
accessing data within such other sector 

are notoriously old and well known in the art of memory patching. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to incorporate (1) those conventional features of address translation for 
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refemng to useable sector (or cells) Instead of defective sector (or cells) and (2) those 
conventional features of mapping unusable sector (or cells) into useable sector (or cells) into 
the modified system of Burke. The artisan would have been motivated to incorporate 
these memory patching features into the modified system of Burke because: 

a Burke teaches (1 ) translating of address signals so as to access an alternative 
memory location instead of memory location which is to be avoided and (2) 
emulating a magnetic memory by using a semiconductor memory; 
b semiconductor memories (e.g. Yorimoto's EEPROM) are prone to be defective, 
c memory patching allows fault tolerance for defect in memory locations, and 
d Yorimoto teaches usage of good memory location instead of defective memory 
location. 



6. Claims 92, 116, 118-120, 122, 123, 125-127 are rejected under 35 U.S.C. § 103 as 
being unpatentable over Burke (AU-B-22536/83) in view of Yorimoto et al. (0-220-718 
hereinafter referred to as Yorimoto). 
As per claim 92: 

Burke teaches a memory system that is connected to a host computer and is 
comprising, (a) a semiconductor memory; and (b) electronic control means, which is 
connectable to said computer, for controlling operation of the semiconductor memory. Burke 
■• semiconductor memory reads on Applicant's array of memory cells. Burke *s electronic 
control means reads on Applicant's means for controlling the operation the array. Burke 's 
electronic control means includes circuit means, which reads on Applicant's means for 
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addressing, for translating address signals, which are from the host computer for the magnetic 
memory device, to corresponding address signals for the semiconductor memory. 

Burke, however does not explicitly teach that his semiconductor memory is of "non- 
volatile floating-gate" type. Burke also does not explicitly cite that his memory cells are 
partitioned into a plurality of sectors that individually include a distinct group of memory cells 
that are erasable together as a unit. Furthermore Burke does not explicitly cite that his 
memory cells are for storing a given amount of user data and overhead data. Burke does not 
explicitly cite that his address signals, which are from the host computer for the magnetic 
memory device, are sector address signals. Burke also does not explicitly recite that his 
corresponding address signals are addressing a corresponding nonvolatile memory sector. 
Burke also does not explicitly teach means for reading the overhead data stored in the 
addressed sector, and means responsive to the read overhead data for executing an 
instruction from the host computer system to perform a designated one of reading user data 
from, or writing user data to the addressed sector. But Burke does teaches that his memory 
system has reading/writing means. 

It is understood that (a) Burke's address signals, which are from the host computer for 
the magnetic memory device, are sector address signals, and (b) Burke's corresponding 
address signals, which have been derived from translating the sector address signals, are 
equivalent to that of sector address signals because Burke's semiconductor memory is 
emulating his magnetic memory device. It is also understood that Burke's memory cells are 
being partitioned into a plurality of sectors, each of which includes a distinct group of memory 
cells that are erasable together as a unit, because Burke's semiconductor memory is 
emulating his magnetic memory device. Besides this understanding, partitioning of nonvolatile 
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memory cells into a plurality of nonvolatile memory sectors that individually include a distinct 
group of memory cells that are erasable together as a unit is known in the art (see Yorimoto 
example), 

Official notice is, hereby, taken that: (1) providing, in a sector, enough memory cells 
for storing a given amount of user data and overhead data; (2) means for reading the 
overhead data stored in the addressed sector, and (3) means responsive to the read 
overhead data, (such as validity check bit information, or remapping information), for reading 
user data from or writing user data to the user data field of the sector, which has the overhead 
data field in which the overhead data is stored, are notoriously old and well known in the art. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to: 

a. realize that Burke's address signals, which are from his host computer for 
addressing his magnetic memory devic* are sector address signals because 
•magnetic memory devices are addressed according to sectors; 

b. realize that Burke's corresponding address signals, which have been derived 
from translating the sector address signals, are equivalent to that of sector 
address signals because a translating of one identify must be equivalent to 
that identify and because Burke's semiconductor memory is emulating his 
magnetic memory device and those signals which are applied to the emulating 
device are equivalent to those signals which are applied to the emulated 
device; 
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c. . realize that Burke's memory cells are being partitioned into a plurality of sectors 

because his memory cells are emulating his magnetic memory device's bit- 
storing units; 

d. realize that each of Burke's information bits in a group of his memory cells are 
erasable together as a unit because Burke's semiconductor memory is 
emulating his magnetic memory device and it is known in the art that the 
information bits in a group of bit-storing units (called sector) in a magnetic 
memory device are erasable together as a unit; 

e. replace Burke's semiconductor memory device with nonvolatile memory device, 
such as that of Yorimoto, because nonvolatile memory device would emulate 
magnetic memory device better since magnetic memory device is nonvolatile; 

f. provide, in a sector, enough memory cells for storing a given amount of user 
data and overhead data because otherwise the sector would not able to store 
all of the necessary amount of information which is to be stored in that sector; 

g. provide means for reading the overhead data stored in the addressed sector 
because this overhead data is needed first in order to determine whether the 
user data in the user data fields are valid or not and whether any field has been 
remapped; and 

h. provide means, responsive to the read overhead data (such as validity check bit 
information, or remapping information), for reading user data from (or writing 
user data to) the user data fields of the sector, which has the overhead data 
field in which the overhead data is stored because the objective of accessing 
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the emulating semiconductor memory device is to read data from or to write 
data to it. 

The artisan would have been motivated to realize the points indicated above because 
Burke the usage of semiconductor memory device for emulating a magnetic memory device. 
The artisan would have also been motivated to replace Burke's semiconductor memory 
device with Yorimoto's nonvolatile memory device because Yorimoto's nonvolatile memory 
device is capable of being partitioned into sectors which would be suitable for simulating the 
sectors of a magnetic memory device and suitable for simulating the nonvolatile characteristic 
of the magnetic memory device. The artisan would also have been motivated to provide the 
appropriate means in order to property read information from or write information to the 
appropriate sector field in the addressed sector because properly read information from and 
write information to memory device by using overhead information such as error/validity bit 
information and/or remap information are known in the art of memory fault detection and 
correction. 

As per claims 116 and 123: 

Burke's memory system, being connected to his host computer, has electrical 
terminations for establishing a connection with the host computer. Burke's controller, which is 
in his memory system, is connected to his host computer. From this connection, it is readily 
understood that Burke's controller is connected between his electrical terminations and his 
memory cell array. 
As per claim 118: 

Official notice is, hereby, taken that storing addresses, which indicate substitute usable 
memory location, together with other header information such as defect indicating flag is 
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notoriousfy old and welt known in the art of address translation for the purpose of substituting 
alternative memory location for defective main memory location. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to the identify unusable sectors and identify, by using address 
information, the substitute usable sectors so that when an unusable sector is accessed it can 
be substituted with a usable sector. 

One having ordinary skill in the art would be motivated to store the addresses of 
alternative sector in the header information field because these addresses would refer an 
access to a substitute memory location and because Yorimoto teaching does relate to 
substitution of defective memory sector. 
As per claim 119 : 

Yorimoto teaches that unusable memory sectors are those sectors which are defective. 
As per daim 120: 

.Official notice is, hereby,. .taken that it is notoriously old and well known in the art to 
identify a bad group of cells, when the number of defective memory cells within the group of 
cells is greater than a preset number and the number of bit errors in the group of cells is 
beyond the capability of correcting by using error correction code, so that this group of cells 
can be replaced with an alternative group of cells. 
As per claim 122: 

The technique of verifying the validity of addressing a memory location as claimed in 
this claim is notoriously old and well known in the art of memory accessing checking. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to check whether addressing is valid or not because getting incorrect data 
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from a memory could be caused by accessing a wrong location due to the error in the 
address information. 
As per claim 125: 

Official notice is, hereby, taken that distribution of the segments of a large file among a 
plurality of memory sectors is notoriously old and well known in the art of storing information. 
Official notice is also, hereby, taken that it is notoriously old and well known that upon erasing 
the large file, which has been distributed among a plurality of memory sectors, the plurality of 
memory sectors must be selected and erased in order for the large file to be completely 
erased. 

As perdaim 126: 

It would have been obvious to an artisan in the art at the time the invention was made 
to implement Burke's memory system in a single printed circuit card because the 
advancement in the technology of semiconductor has encouraged artisans to implement many 
components of a system into a single -printed circuit cant so. as to modularize the system and 
to have a more compact unit of the system. 
As per claim 127: 

Burke's memory system emulates a magnetic memory and translates the address 
addressing the magnetic memory in order to address the emulating semiconductor memory. 

7. Claims 93-97, 117, 121, 124 are rejected under 35 U.S.C. § 103 as being unpatentable 
over Burke (AU-B-22536/83) and Yorimoto (JPO-220-718) as applied to claims 92 and 116 
above, and further in view of Nozawa et at (4,525,839 hereinafter referred to as Nozawa). 
As per claims 93 and 117: 
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In a memory system, Nozawa teaches means (i.e. pointers 23a) listing any unusable 
ones of a plurality of non-volatile memory sectors for linking the unusable sectors with others 
of sectors that are usable. Nozawa also teaches, in non-volatile memory-sector addressing 
means, means (elements 50, 51, 61, 64, 63, 71, 76, and 77) for accessing linked others of 
said sectors in place of said unusable sectors. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to: (1) use, in Burke's memory system, Nozawa's pointer linking least 
means for tisting memory sector, which cannot be used due to defect, so that the pointers in 
this pointer linking least means can refer the accessing to an alternate sector which can be 
used; and (2) provide, in Burke's memory system, Nozawa's means for accessing the 
alternate sector in place of the defective sector. 

The artisan would have been motivated to utilize Burke's pointer linking list means and 
provide -the means for accessing the. alternate sector in Burke's memory system because 
memory patching by method of remapping is notoriously old and well known in the art and 
because Yorimoto's memory in Burke's modified memory system is prone to be defective and 
utilization and the provision would provide tolerance to that defect. 
As per claims 94 and 124: 

The size of 512-bytes, which is took as a given amount of user data, is of obvious 
design choice. 
As per claim 95: 

Head, cylinder and sector are well known information fields which are associated with 
addresses for addressing magnetic disk sector. 
As per claims 96 and 121: 
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Nozawa teaches accessing alternative blocks for defective blocks upon detection of 
defect in the defective block, thus suggests a controlling means for controlling a substitution. 

tt would have been obvious to one having ordinary skill in the art at the time the 
invention was made to provide, for the purpose of sufficiency, enough redundant memory cells 
in order to adequately store those information which cannot be stored in the main cells in case 
the main cells become defective. 
Aa oar claim 97: 

Official notice is, hereby, taken that header information including defect descriptor 
comprising defect pointer, which is referred to in order to skip bad memory location and jump 
to an alternative location for the purpose of replacing the bad memory location Is notoriously 
old and well known in the art. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to realize that it is necessary to provide a referencing means in order to 
refer to the overhead data (i.e. the defect pointer) in order to determine whether or not the 
main memory cells need substitution. 

8. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ly Hua whose telephone number is (703) 305-9684. The 
examiner can normally be reached on Monday to Friday from 9:30 AM to 6:00 PM. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Robert W. Beausoliel, Jr, can be reached on (703) 305-9713. The fax phone number for this 
Group is (703) 305-9600. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the Group receptionist whose telephone number is (703) 305-9724. 
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PETITION FOR EXTENSI ON OF TIME 



Sir: 



It is hereby petitioned that a three-month extension of 
time be granted in order to respond to the Office Action dated 
December 7, 1995. This response extends the deadline for response 
until June 7, 1996. 

A check in the amount of $900.00 is attached to cover the 
extension fee . 

The Commissioner is hereby authorized to charge any 
additional fees which may be required, or credit any overpayment, 
to Deposit Account No. 13-1030. 

Respectfully submitted, 



Dated: June 7, 1996 



Atty. Docket: HARI-0606 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS , SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA 94111-4121 
Telephone: (415) 362-5556 
Facsimile: (415) 362-5418 
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£f Patent Application of 
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For: FLASH EEPROM SYSTEM 




Group Art Unit: 2413 
Examiner: L. Hua 
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Hon. Commissioner of 
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AMENDMENT 



Sir: 

In response to the Examiner's Action dated December 7, 
1995, please amend the above-identified patent application as 
follows: 
IN THE CLAIMS : 

Cancel claims 100-115 without prejudice. 
Amend claims 84, 92 and 116, as follows: 



(Amended) The method according to claim ^P*f, wherein 



the information stored in the overhead portion of the individual 
sectors includes an error correction code [for] calculated from 
data stored in the user data portions of corresponding ones of the 
individual sectors. Dtj Az/u><d-' 

— ^^WrtAT 
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(Twice Amended) A memory system on a card that is 
connec table to a host computer system, said memory system 
comprising: 

an array of non-volatile floating gate memory cells 
partitioned into a plurality of sectors that individually include 
a distinct group of said memory cells that are erasable together as 
a unit, the individual sectors having enough cells for storing a 
given amount of user data and overhead data, and 

means connectable to said computer system for controlling 
operation of the array, said controlling means including: 

means responsive to receipt of a magnetic disk 
sector address from the host computer system for 
addressing a corresponding non-volatile memory sector, 

means for reading the overhead data stored in the 
addressed sector prior to either reading the user data 
from, or writing user data to, the ad dressed sector , and 
means responsive to the read overhead * data for 
executing an instruction from the host computer system to 
perform a designated one of reading user data from, or 
writing user data to, the addressed sector. 
P-3 (Amended) A memory system [unit] having electrical 
- terminations - for establishing a connection . with a host computer 
system, said memory system comprising: 

an array of non-volatile floating gate memory cells 
partitioned into a plurality of sectors that individually include 
a distinct group of said memory cells that are erasable together as 
Z 1 ) a unit, the individual sectors having enough cells for storing a 
/ given amount of user data and some overhead data, and 

/ a memory controller connected between said electrical 

terminations and said memory cell array for controlling operation 
of the array, said controller including: 

means responsive to receipt of one or more mass 
memory storage block addresses through said terminations 
for addressing one or more of the non-volatile memory 
sectors, said addressing means including means responsive 
to an identification of any of the non-volatile memory 
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sectors that are unusable for substituting another usable 
sector therefor, 

means for reading overhead data stored in the 
addressed sector prior to either reading the ussr da^ 
from, or writing user data to. the add r essed sector , and 

means responsive to the read overhead data for* 
either reading user data from, or writing user data to, 
the addressed sector. 



Add the following new claims: 

-- In a computer system including a processor and a 
memory system, wherein the memory system includes an array of 
integrated electronic circuit non-volatile floating gate memory 
cells partitioned into a plurality of distinct sectors of said 
memory cells that are individually erasable together as a unit 
separately from other sectors, a method of operating the memory 
system, comprising : 

removably connecting said memory system including a 
controller to the computer system in a manner that said controller 
communicates with said processor for controlling operation of the 
array, 

in response to receipt from the processor of an address 
in a format designating at least one mass memory storage block, 
generating through the controller (1) an address of at least one of 
said plurality of sectors of non-volatile memory corresponding to 
said at least one mass memory storage block and (2) an erase, write 
or read command, 

in response to an erase command, erasing said at least 
one sector, 

in response to a write command, reading, from an overhead 
portion of said at least one sector, overhead data of a 
characteristic of said at least one sector, and thereafter writing 
user data in the user data portion of said at least one sector and 
writing a characteristic of the written user data in the overhead 
portion of said at least one sector, and 

in response to a read command, reading, from an overhead 
portion of said at least one sector, overhead data of a 
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characteristic of said at least one sector or of data stored in the 
user data portion of said at least one sector, and thereafter 
reading data from the user data portion of said at least one 
sector. 

The method of claim which additionally 

comprises storing within the memory system links from addresses of 
any unusable sectors to addresses of others of said plurality of 
sectors, and wherein generating an address of said at least one of 
said plurality of sectors includes referring to said address links 
to substitute an address of a useable sector for an address of an 
unusable sector. ^ ^ 

37l3tf. The method of claim J^5" the address links are 
stored for sectors that are unusable by reason of more that a 
predetermined number of memory cells therein being defective. 

^Vai^ The method of claim ^l&r wherein any links to 
addresses of useable ones of said plurality of sectors are stored 
in the overhead portion of unusable ones of said plurality of 
sectors. ^ 

>37. The method of claim wherein erasing said at 
least one sector includes simultaneously erasing two or more but 
less than all of said plurality of sectors. 

The method of claim "J^*" wherein generating an 
address of said at least one sector includes generating addresses 
of a number of said plurality of sectors that is equal to a number 
of mass memory storage block addresses received from the processor. 

The method of claim wherein the user data 

portion of the individual sectors has a capacity of substantially 
512 bytes. ?5 

jJMT? The method of claim .1*21?*, wherein the overhead data 
stored in said overhead data portion of said at least one sector 
includes the address of said at least one sector. 

^-i*3lf. The method of claim^^S - , wherein, in response to 
either the write command or the read command, overhead data that is 
read includes the address of said at least one sector. 

The method of claim^l^ - , wherein the address read 
from the overhead portion of said at least one sector is compared 
with the address that was generated through the controller. 
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The method of claim £MT, wherein the overhead data 
stored in said overhead data portion of said at least one sector 
includes, if said at least one sector is defective, an address 
linking said at least one sector to another of said plurality of 
sectors. ^ ^ 

\yr. The method of claim Jtt, wherein generating an 
address of said at least one of said plurality of sectors includes 
referring to said address linking to substitute an address of a 
useable sector for an address of an ^>usable sector. 

^7j>flf. The method of claim J^T, wherein the overhead data 
stored in said overhead portion of said at least one sector 
includes an identification of any defective cells within the user 
data portion of said at least one sector. 

^JJtffl The method of claim JUflC additionally comprising, 
in response to either the write command or the read command, 
reading through the controller the identification of defective 
i cells from the overhead portion of said at least one sector and 
/\ then substituting therefore other cells within the said at least 
one sector. ^c, 

K ^yrf*. The method of claim i^ST, wherein the writing of a 
characteristic of the user data includes calculating an error 
correction code from the written user data "and writing said error 
correction code into the overhead portion of said at least one 
sector. -f$ * 

* 145". The method of claim JX* wherein said at least one 
mass memory storage block sector address received from the 
processor includes a head, cylinder and sector. 

9>4<T The method according to claim wherein causing 
the controller to generate an address of a non-volatile memory 
sector includes doing so for a non-volatile memory sector that 
corresponds to only one magnetic disk sector, wherein the user data 
portion of the individual non-volatile memory sectors has a 
capacity that is substantially the same as a user data portion of 
said one magnetic disk sector. — 
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REMARKS 

The preamble of claim 116 has been amended in response to 
the rejection of claims 116-127 under 35 U.S.C. 112, second 
paragraph. Since claims 101-115 are being cancelled, this is the 
only section 112 rejection to which a response is necessary. 

The rejections of the remaining claims in this 
application over various combinations of prior art under 35 U.S.C. 
103 are discussed below. The following cited prior art is 
discussed below: Australian patent no. 22536/83 ("Burke"), 
European patent application publication no. 0 220 718 ("Yorimoto et 
ai: M ), and U.S. patents nos. 4,774,700 ("Satoh et ai.") and 
4,525,839 ("Nozawa et ai."). For the reasons stated below, it is 
respectfully submitted that the cited references would not have 
rendered the claims of the present application obvious to one 
ordinarily skilled in the art before April 13, 1989, the effective 
filing date of the present application. 
Summary of Argument 

The claims are directed to a flash EEPROM system, or to 
the use and operation of such a memory system, that includes its 
own controller. The memory controller both makes it possible for 
the host system to communicate with the memory system and controls 
operation of the flash EEPROM cell array. The memory cell array is 
divided into sectors, with the cells within each sector being 
erasable together as a unit. Stored in each sector is a sectors 
worth of user data and some overhead information (a header) about 
the sector and/or about the user data stored in the sector. 

The claimed memory system looks to the host computer as 
if it was a disk drive system, similar to the goal stated in the 
cited Burke patent. But a significant difference is the claimed 
operation of the flash EEPROM array with many incidents of a disk 
system. it is divided into sectors that are operated as a unit, 
including overhead data (a header) as well as user data, and, in 
some of the claims, the overhead data is read from an addressed 
sector before user data is written into that sector. 

This is quite different from the way that semiconductor 
memory arrays are usually operated. Data is usually written to or 
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read from a RAM by first addressing one storage location, holding 
one or a few bytes of data, and then incrementing through adjacent 
storage locations in sequence until an entire data file is written 
or read. The present claims, however, define a disk like approach 
to semiconductor memory operation. The fact that the system of the 
Burke patent may look to the host system as a disk memory system 
does not mean that its array is operated in sectors, with headers, 
etc., as claimed. While sector addressing may be used between a 
host and the controller, the host does not know or care what type 
of addressing is being used between the controller and the memory 
media. In the case of a magnetic disk media, its physical 
attributes have naturally resulted in sector addressing by the 
controller. But for a random accessed solid state memory, it is 
more efficient to address the memory by large files, such as one 
that is transferred by a DMA (Direct Memory Access) controller. As 
a general proposition, a memory system controller can manipulate 
and rearrange storage of data in the semiconductor memory in any 
number of ways while the controller makes the memory system appear 
to the host system as a disk drive memory. 

Furthermore, with regard to the storage of a header 
(overhead data) along with user data of individual sectors, it 
includes auxiliary information being used by the controller to 
properly and efficiently access particular sectors , given the 
particular physical characteristics of the memory medium. It is in 
the nature of semiconductor RAMs, however, that no such auxiliary 
information is required to access the memory itself. 

However, the flash EEPROM system employed in the present 
invention, unlike typical RAMs, do have memory operations that can 
benefit from auxiliary information. The provision for making such 
information available in a header of each sector in the context of 
a solid state memory is part of the present invention. 

An underlying assumption made throughout the Examiner's 
Action is that it is inherent in the system of the cited Burke 
reference to operate its volatile RAM array with sectors, and thus 
obvious to include overhead data (headers) in individual sectors. 
This premise, and thus all the rejections based upon it, is 
respectfully submitted to be incorrect. Contrary to the position 
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taken in the Examiner's Action, it is submitted that the fact that 
Burke's system looks to the host system as a disk drive memory does 
not compel this conclusion. The alleged inherent Burke disclosure 
upon which nearly all the grounds of rejection are based does not 
exist. 

Application of the doctrine of "inherency" is not 

appropriate in this case. As noted by the court in Ethyl Molded 

Products Company v. Betts Package Inc., 9 U.S.P.Q. 2d 1001, 1032- 

1033 (E.D. Kentucky, 1988 ) : 

The doctrine of inherency is available only 
when the prior inherent event can be 
established as a certainty. That an event may 
result from a given set of circumstances is 
not sufficient to establish anticipation. 
Probabilities are not sufficient ... A prior 
inherent event cannot be established based 
upon speculation, or where a doubt exists. 

In this case, the operation of the semiconductor memory of Burke 

that is found to be "inherent" is not at all certain but rather is 

a conclusion formed simply from the fact that the memory interfaces 

to the host system with a sector format. There can be no doubt 

that this determination lacks the required certainty. It is thus 

respectfully submitted that all the outstanding rejections based 

thereon must be withdrawn. 

It is also respectfully submitted that the Official 
Notice of prior art "facts" taken extensively throughout the 
Examiner's Action is in error. This procedure is proper for facts 
that are unquestionably well known in the art or generally known 
but is not proper to establish technical facts that are not well 
known or which are in esoteric technology. See the M.P.E.P., 
section 2144.03, Sept. 1995. As discussed below with respect to 
specific facts attempted to be established in the Examiner's Action 
by taking Official Notice of them, those facts are far from being 
generally known. They pertain to quite detailed aspects of 
computer memory technology. The taking of Official Notice of such 
facts in submitted to be improper. 

Furthermore, it is respectfully submitted that certain of 
the alleged "facts" are not correct. An example is the assertion 
that " . . it is known in the art that the information bits in a 
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group of bit-storing units (called sector) in a magnetic memory 
device are erasable together as a unit;" (Examiner's Action, p. 10, 
para, d) . But the fact is that sectors of magnetic memories are 
not individually erased during operation. They are simply written 
over with new data when required. If there is some existing prior 
art that describes a magnetic disk system where the sectors are 
individually erasable as a unit, it should be cited since this is 
certainly not the common practice. It is definitely not 
appropriate to take Official Notice of such a fact for the purpose 
of rejecting claims. 
Claims 79-84. 98 and 99 

Reconsideration is respectfully requested of the 
rejection of independent claim 79, and its dependent claims 80-84, 
98 and 99, as obvious over a combination of the cited Burke, 
Yorimoto et al. and Satoh et al. references, as well as certain 
facts of which Official Notice is being taken. In rejecting claim 
79, the Examiner's Action states the following: "Burke's memory 
system includes an array of cells which are inherently partitioned 
into a plurality of sectors because Burke's array is to 'emulate' 
a magnetic disk which has sectors." (Examiner's Action, p. 4.) 
This*- is "the -assumption about Burke which, as discussed in the 
preceding section, is believed to be in error. Yorimoto et al. is 
then cited as evidence that it would have been obvious to partition 
Burke's inherent sectors into user data and overhead data portions. 
Satoh et al. is further cited as evidence that it would have been 
obvious to provide for substitution of a useable sector for an 
unusable sector of the Yorimoto et al. modified Burke inherently 
sectored memory. 

It is respectfully submitted that the basis expressed for 
the rejection is in error. The claims in this application each 
define more than the desire to make a semiconductor memory system 
look on the host system side of the memory controller to be a disk 
drive. They define a way of configuring and using a semiconductor 
memory on the memory side of the controller in a way similar to a 
disk drive. Claim 79 defines a flash EEPROM system with an array 
that is divided into sectors of cells that are erasable together as 
a unit. This is not new by itself but is a particular type of 
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memory which is recited by claims 79-84 to be used to emulate a 
disk drive. None of the three cited references suggest use of such 
a type of memory. The only mention of an EEPROM system is by 
Yorimoto et ai. but their embodiments appear to be generically 
described for use with either an EEPROM or a battery backed 
volatile RAM. Nothing is said by Yorimoto et ai. of a flash EEPROM 
system that is operated with sectors of cells that are erasable 
together as a unit. It is the use of this type of memory that 
allows the memory itself to be operated very similarly to that of 
a disk drive, with individual sectors that store both user data and 
overhead data (a header for the sector). It is the operation of 
the flash EEPROM memory by the memory controller with the sectored 
and partitioned characteristics of a disk drive memory that is 
novel and non-obvious. 

The disclosure by Burke of his semiconductor memory 
system "emulating a rotating magnetic memory device" certainly does 
not suggest that his controller operates the semiconductor memory 
in the claimed sectored and partitioned manner. There is nothing 
"inherent" from the expressed disk emulation that suggests that 
Burke operates its semiconductor memory In the sectored manner 
being claimed, what the emulation states is that the controller 
interfaces with the host computer system as if it ,is a disk drive 
but the controller could operate the semiconductor memory in any 
number of ways. Although Burke discloses operating his 
semiconductor memory in groups of 64K cells, it appears that his 
controller interfaces with and operates the semiconductor memory in 
traditional ways, rather than emulating disk drive memory sectors. 
One skilled in the art, it is submitted, would therefore not have 
found it obvious to apply the sector partitioning technique of 
Yorimoto et ai. It is not seen how one skilled in the art could 
have found it obvious to form a combination of such different 
memory architectures. 

It is further not understood what type of block 
substitution in the Burke system would the disk drive system of 
Satoh et ai. have suggested to one ordinarily skilled in the art. 
would it be substitution of one of Burke's large 64k groups for 
another? It is submitted that it would not have been obvious to 
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apply the disk drive substitution technique of Satoh et al. to 
Burke's memory. But also important is that none of the three 
references cited against claims 79-84 suggest a sectored flash 
EEPROM system where the cells of the individual sectors are 
erasable together, let alone the use of the disk drive techniques 
of a header (overhead data) and unusable sector substitution to 
such a defined flash EEPROM sector. 

Dependent claims 80 and 81 recite that a sector is 
replaced because a certain number of cells of the sector are 
defective. It is believed to be quite unusual, if it has ever 
occurred in the prior art, for defects in volatile semiconductor 
RAMs (as in the Burke reference) to be handled by throwing away 
such a large proportion of a memory, much of which would likely 
remain good. The rejection of claim 81 is predicated upon Official 
Notice being taken of certain facts (Examiner's Action, p. 6, first 
paragraph). It cannot be accepted that the prior art fact there 
alleged to exist is "notoriously old and well known" but it can be 
pointed out that defect management prior art has been made of 
record in this application. It is requested that any further 
rejection of claim 81 be based upon actual prior art rather than 
that believed by the Examiner to exist. 

With respect to claim 82, the Examiner's Action states 
that "The size of 512-bytes, which is took (sic.) as a given amount 
of user data, is of obvious design choice." But the point of this 
claim is that the flash EEPROM memory is sectored exactly like the 
disk drive which it emulates. The memory controller does more than 
just appear to the host computer system to be a disk drive, it 
operates the flash EEPROM cell array like a disk drive. New claim 
144, also dependent upon claim 79, recites that the disk drive and 
flash EEPROM formats are the same in that each carries 
substantially the same amount of data. 

Claim 83 adds to the combination of claim 79 that the 
overhead data (header) in the individual flash EEPROM sectors 
includes the address of the sector in which it resides. This 
further defines the unique operation of the flash EEPROM system to 
operate as a disk drive. Claim 84 recites that the overhead data 
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of a sector includes an error correction code (ECC) that has been 
calculated from the user data stored in the same sector. 

Dependent claims 98 and 99 have been rejected as obvious 
over the same three references as their parent claim 79, plus some 
alleged prior art about which Official Notice has been taken. 
These dependent claims add to the method of claim 79 two techniques 
for linking the address of a usable sector with an unusable one, in 
the course of sector substitution. It cannot be accepted that 
alleged facts a. through f. on page 6 the Examiner's Action ".. are 
notoriously old and well known in the art of memory patching." Nor 
can it be accepted that one ordinarily skilled in the art would 
have been motivated to use this alleged notoriously old prior art 
in the was suggested in subparagraphs a-d on page 7 of the 
Examiner's Action. Certain prior art of defect management of flash 
EEPROM systems has been made of record, and it is suggested that 
any further rejection of these claims be based upon actual prior 
art. To the extent that the Examiner's Action is taking Official 
Notice of some of the facts a.-f . allegedly being true with regard 
to disk drive memory systems, it can be pointed out again that a 
feature of the present invention is the operation of a flash EEPROM 
system by the memory controller as if a disk drive. This is more 
-than making the controller look like a disk drive to. the. computer 
system, as the Burke reference says it is doing, but claims 98 and 
99 define organizing and operating the flash EEPROM cell array in 
ways similar to that of a magnetic disk drive memory. 
Claims 85-91 

Reconsideration of the rejection of claims 85-91 is 
respectfully requested. These claims stand rejected as obvious 
over a combination of the Burke and Yorimoto et ai. references. 
They are submitted as patentable for the same reasons stated above 
with respect to this combination of these same references applied 
to claims 79-84 . 
Claims 92-97 

Independent claim 92 has been rejected as obvious over a 
combination of the cited Burke and Yorimoto et al. references. It 
is submitted that claim 92 is patentable on the ground that the 
Burke reference does not implicitly operate, as asserted in the 
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Examiner's Action, with its memory divided into sectors in the 
manner claimed. His 64K groups of cells are not intended to 
emulate disk drive sectors. It is therefore submitted that it 
would not have been obvious to partition any such groups into user 
and overhead data portions in accordance with the Yorimoto et al. 
reference, as alleged in the Examiner's Action. 

Response is required to the characterizations of the 
Burke reference that were made in the paragraph bridging pages 8 
and 9 of the Examiner's Action. No disclosure of sector addressing 
signals in the manner claimed is found in the Burke reference. The 
Burke reference does express a purpose to emulate a disk drive by 
appearing as a disk drive on the side of its controller that 
interfaces with the host computer system. But this does not make 
it implicit, it is submitted, that the semiconductor memory, on an 
opposite side of the memory controller, be divided into disk like 
sectors that are erasable together as a unit, contrary to what is 
alleged in the Examiner's Action. The type of memory disclosed in 
the Burke reference is made of an array of volatile dynamic RAM 
cells which are not erased in blocks since such cells lose their 
charge over time and are periodically refreshed in order to 
maintain their charge. The Burke system even provides for such 
refresh (see paragraph bridging pages 11 and 12, for axample) in. 
order to prevent their erasure. 

Nor does the cited Yorimoto et al. reference suggest a 
semiconductor memory array that is divided into sectors of cells 
that are erased as a unit. The fact that Yorimoto et al. describe 
using an EEPROM cell array does not necessarily mean that any 
division of the cells into logical groups results in all cells of 
a group being erased together as a unit. Some EEPROM systems in 
the prior art operate like normal RAM systems, without the sector 
organization defined in claim 92. 

It cannot be agreed that Official Notice is appropriately 
taken of alleged facts (1) through (3) of the first full paragraph 
of page 9. It is requested, if these rejections are continued, 
that appropriate prior art references be cited in support of these 
alleged facts, in order that a specific situation is presented to 
which a response can be made. 
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The analysis given on pages 9-11 of the Examiner's Action 
of the obviousness of claim 92 over the cited Burke and Yorimoto et 
al. references is submitted to be based upon erroneous factual 
assumptions. The fact that Burke looks to the host system as a 
disk drive does not make it necessary for his controller to 
actually operate the volatile RAM memory with the same sector 
characteristics as a disk drive, because that is such a different 
way than RAM memory is normally operated. No part of Burke's 
dynamic RAM cell array is erasable as a unit. To say that such a 
memory array is, in addition to not being described by Burke, 
erased in sectors is contrary to the nature of the memory cells 
being used. There is also no requirement that appears to exist in 
the Burke system to store overhead information as part of any such 
sector. What Burke's controller seems to do well, at least in his 
description, is to appear to the host system to be a disk drive 
memory while operating the dynamic RAM array in accordance with its 
particular characteristics. The fact that Burke describes 
emulating a disk drive does not necessarily mean, nor does it 
suggest, that his semiconductor array is operated with disk like 
attributes; namely, being divided into the claimed sectors, with 
overhead data (headers) stored in the individual sectors to which 
they pertain, usable sectors being swapped for unusable sectors, 
etc. 

Further, the Yorimoto et al. reference does not suggest 
partitioning its EEPROM cell array into sectors that simulate those 
of a disk memory, as alleged in the Examiner's Action. No 
discussion has been noted in the Yorimoto et ai. reference of 
erasing the cells within such sectors as a unit. It could be that 
Yorimoto et al. contemplated erasing the entire memory at once, 
which was quite common a few years ago. what is being claimed in 
claim 92 of the present application is a flash EEPROM cell array 
that is operated by its controller with characteristics that are 
like that of a disk drive. The suggestion of such a structure is 
simply not made by either of the cited Burke or Yorimoto et al. 
references . 

Additionally, claim 92 has been amended to make clearer 
that the memory system operates to read the overhead data (header) 
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of an addressed sector before user data is either written to or 
read from the user data portion of the sector. This is another 
feature that departs from the usual operation of a semiconductor 
memory to make the flash EEPROM system operate as a disk drive 
memory system, and is not disclosed in either of the Burke or 
Yorimoto references. It is believed to be a significant departure 
from normal semiconductor RAM system operation to divide a memory 
array into sectors that individually have user data and overhead 
data portions, and then to read the overhead data from an addressed 
sector before user data is read from or written to the addressed 
sector. It is especially nonobvious to read a semiconductor memory 
sector's overhead data (header) before writing user data to that 
sector. 

The Examiner's Action, however, in paragraphs g. and h. 
of page 10, paraphrase this claimed feature as prior art of which 
Official Notice is being taken. It is respectfully submitted that 
this is not a proper analysis of what one skilled in the art would 
have been led, prior to April 13, 1989, to find obvious. Rather, 
these statements merely allege obviousness without providing any 
factual basis to support the allegation. Tor example, what would 
have led one of ordinary skill in the art' to recognize a need to 
validate the sector by first reading the overhead data from that 
sector? It is respectfully submitted that it is not enough to 
merely state, in a conclusionary manner and without reference to 
evidence of prior art, that a claimed difference over the prior art 
is obvious. 

Claims 93-97, dependent upon claim 92, stand rejected as 
does claim 92 but with the Nozawa et al. patent additionally used 
to form obviousness rejections. But Nozawa et al. describe a disk 
drive memory system and do not, it is respectfully submitted, 
suggest ways to modify the Burke memory cell array to meet the 
terms of the claims. Since the Burke system does not operate his 
dynamic ram cell array with disk like sector characteristics, as 
claimed, it is submitted that Nozawa et al . would not have 
suggested to one of ordinary skill in the art any modification of 
the Burke reference that could have resulted in the system defined 
by any of claims 93-97. Particularly, it is submitted that one 
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ordinarily skilled in the art would not have considered it obvious 
to use a disk drive sector pointing technique for substituting 
usable sectors for unusable sectors in the system of Burke that 
operates its dynamic RAM cell array without disk like sectors, 
gating 

Independent claim 116 also stands rejected on the ground 
of obviousness over the cited Burke and Yorimoto et al. references. 
Claim 116 is similar in structure to claim 92 but is more specific 
in reciting flash EEPROM sector substitution. Claim 116 is also 
being amended to make clear that the addressed sector has its 
overhead data read before user data is either read from or written 
into that sector. Dependent claims 117, 121 and 124 stand rejected 
over the Burke and Yorimoto et al. patents, as with parent claim 
116, plus the Nozawa et al. patent. Claim 116 and its dependent 
claiins 117-127 are submitted to be patentable for the same reasons 
given above in support of the patentability of claim 92 and its 
dependent claims 93-97. The taking of Official Notice of certain 
prior art "facts" to reject claims 116-127 is submitted to be 
improper . 

New Claims 128-143 

New independent claim 128 includes use of a flash EEPROM 
cell array divided into separately erasable sectors that are 
erasable together as a unit. Overhead data is stored in each 
sector. A write operation is conducted by first reading overhead 
data from the addressed sectors and thereafter writing the user 
data and other overhead data. A read operation includes reading 
overhead data of a sector before reading its user data. These 
elements of novelty, most of which are extensively discussed above 
with respect to other claims, are submitted to render claim 128 
patentable. New claims 129-143 add other novel elements, most of 
which have also been discussed above with respect to the prior art. 
Conclusion 

For the reasons stated above, it is submitted that the 
present application is in condition for allowance. However, should 
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the Examiner have any further matters that need to be resolved, the 
undersigned attorney would appreciate a telephone call. 



Dated: June 7, 1996 Respectfully submitted, 



Gerald P. Parsons, Reg. No. 24,486 
MAJESTIC, PARSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1450 
San Francisco, CA 94111-4121 
Telephone: (415) 362-5556 
Atty. Docket: HARI-0606 Facsimile: (415) 362-5418 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
ELIYAHOU HARARI et al. 
Serial No. : 08/174 , 76-0 
Filed: December 29, 1993 
For: FLASH EEPROM SYSTEM 



Group Art Unit: 2413 



Examiner: L. Hua 



San Francisco, , Calif or^iap^ 



Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



CERTIFICATE OP KAILINC 



I hereby certify that thia correapondence 1* being deposited with the United 
ftetea Poatel Service aa flrat clan mall In an envelope addreaaed tot 
Comiae loner of Patent! and Trademark, Washington, D.C. 20231 on October 8, 
19?6. 



Brenda J . Dol ly 



Sir: 



NOTICE OF CHANGE OF ADDRESS FOR ASSIGNEE 



Please take notice that the assignee of record in the 
above-identified application has moved their offices to the address 
listed below: 

SanDisk Corporation 
140 Caspian Court 
Sunnyvale, California 94089 



Dated: October 6 , 1996 



Respectfully submitted, 



Atty . Docket: HARI . 0 0 6US6 



Philip Yau,;| R^g. No. 32, 892 
MAJESTIC, PERSONS, SIEBERT & HSUE 
Four Embarcadero Center, Suite 1100 
San Francisco, CA 94111-4106 
Telephone: (415) 362-5556 
Facsimile: ( 4 IS ) 362-5418 
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